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INTRODUCTION 
The possibility of utilizing phytosystemic insecticides 
is not a concept of recent origin. Applying materials to 
plants in the attempt to render the entire plant toxic to 
insects was reportedly a suggestion of Leonardo da Vinci, 
(von Rumker, 1955) 
The first recognized systemic insecticides occurred 
naturally. Sodium fluoroacetate, extracted from the gif-
blaar tree in South Africa, was toxic to insects but was 
also highly toxic to mammals (David. 1950; David and 
Gardiner, 1951). The systemic activity of derris, another 
compound occurring naturally in plants, was demonstrated 
when Mexican bean beetle larvae were killed while feeding on 
young leaves produced after derris applications to older 
leaves (Pulton and Mason, 1937). While studying the trans­
location of materials in plants, Muller (1926) discovered 
the toxic action of pyridin to insects. He used the term 
chemotherapeutant to describe the phenomenon of rendering 
the plant toxic to insects in this manner. 
The discovery that wheat plants growing on seleniferous 
soils were toxic to aphids and mites led to the first study 
of systemic materials by entomologists (Hurd-Karrer and 
Poos, 1936). As a result, sodium selenate was used on orna­
mentals, such as carnations, for the control of red spider 
mites (Neiswander and Morris, 1940). However, subsequent 
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studies on the use and behavior of selenium revealed its 
high toxicity to plants and mammals and further use was dis­
couraged. 
A great impetus was given the field of systemic insec­
ticides with the advent of synthetic compounds showing a 
systemic action in plants. Systemic research was initiated 
in this area in 1935 in the laboratories of Farbenfabriken 
Bayer in Germany. Gerhard Schrader, the project leader, and 
his associates synthesized several widely separated com­
pounds and demonstrated their insecticidal activity (von 
Rumker, 1955). The most effective of these were certain 
derivatives of fluoroethyl alcohol and certain alkylamino-
phosphorous compounds. Two of the phytosystemic organo­
phosphorous insecticides synthesized by Schrader were OMPA, 
also known as schradan, and demeton. Following this discov­
ery, much forward progress has been made in synthesizing new 
systemic organic phosphate insecticides and in studying 
their absorption, metabolism in living organisms, and uses. 
Numerous studies have produced information concerning the 
methods of absorption and subsequent translocation of sys­
temic insecticides in plants, on oxidative and hydrolytic 
processes affecting the persistence and toxicity of residues 
in plants, and on their effectiveness against a wide variety 
of plant pests. 
The term systemic insecticide was first used by Martin 
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in 1947 (according to Bennett, 1957) to include materials 
that are absorbed by the plant and translocated throughout 
the plant rendering it toxic to feeding insects. Previous 
to this, terms such as chemotherapeutant, endotherapeutant, 
and teletoxic compounds had been used. 
Systemic insecticides can be grouped into 3 classes 
according to their decomposition within the plant (Kipper, 
1952): 
1. Stable systemic insecticides such as sodium sele-
nate and sodium fluoroacetate which are not changed in the 
plant. 
2. Endolytic systemic insecticides in which the com­
pound is present to about 98 percent in its original form 
and is toxic in such form until decomposed by the plant. 
. 0 0 
Schradan, ()2K^ p-0-P(^ CB3^ 2 , is an example. It is be-
(CH3)2Nz xH(ch3)2 
lieved to be converted in plants to a compound which is a 
potent inhibitor of cholinesterase. However, this conver­
sion takes place very slowly, and the resultant compound is 
very unstable in the plant and probably is decomposed almost 
as rapidly as it is formed (Hartley, 1951)« The toxic ac­
tion is believed to result from the conversion of schradan 
within the insect body to a powerful anticholinesterase com­
pound which brings about kill of the insect (O'Brien and 
Spencer, 1953). 
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3. Endometatoxic systemic insecticides are absorbed 
and translocated by plants and transformed partially or 
wholly into other toxic substances which also act as insec­
ticides. (Examples of this class are demeton and phorate.) 
Technical demeton consists of both the thiono- and 
S 0 
thiol-isomers, (CgH^ OjgJoCgH^ SCgH^  and (CgH^ OÏgP-BOgH^ SCgH^ . 
These isomers are metabolized within the plant to compounds 
which are more powerful cholinesterase inhibitors and more 
toxic to mammals and insects than the original compounds 
(Fukuto et al., 1955)-o 
O 
Phorate, (OgE^ O)gP-S-CHg-S-CgH^  > is also oxidized in 
plants to metabolites which are more potent anticholines­
terase agents than phorate per se (Bowman and Oasida, 1957; 
Metcalf et al., 1957). The oxidative products of phorate 
are as follows : (1) 0,0-diethyl S-e thylsulfinylme thy1 
phosphorodithioate, (2) 0,0-diethyl S-e thylsulfonylme thyl 
phosphorodithioate, (3) 0,0-diethyl S-ethylthiomethyl phos-
phorothiolate, (4) 0,0-diethyl S-e thylsulfinylme thyl phos-
phorothiolate and (5) 0,0-diethyl S-ethylsulfonylmethyl 
phosphorothiolate (Bowman and Oasida, 1957; Metcalf et al., 
1957). Anticholinesterase activity increases successively 
from phorate through compound (5) which is the most power­
ful inhibitor (Bowman and Oasida, 1957; American Cyanamid, 
1957; Lilly et al.. 1958). These metabolites also differ 
in toxicity to mammals and insects (Bowman and Oasida, 
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1958). Phorate per se and the last metabolite in the series 
of 5 are among the most toxic to the housefly while phorate 
per se is the least toxic to rats. The oxidative metabo­
lites show the same relative toxicity to rats and house-
flies, with the order of toxicity, from least to most toxic, 
as follows: compounds (1) and (4) equal, (2), (5), and (3). 
The pathway of the systemic compound from contact with 
the plant to kill of the plant pest is neither simple nor 
direct but is beset by a series of barriers. The pathway 
involves the following steps: 
1. Entrance into the plant. This is accomplished by 
absorption into the leaf, absorption by the stem, absorp­
tion by t'ie roots, absorption by the seeds, or the toxicant 
may be implanted directly into the stem. 
After contact of the material with the exterior of the 
plant, it must pass through living cells before physical and 
chemical reactions occur, making it systemic (Wedding, 
1953). The first contact is with the cuticle, then the cell 
wall, and finally the plasma membrane. Penetration of the 
cuticle is accomplished more easily by nonpolar compounds 
because of its lipoid nature. The cell wall is no barrier; 
but because of the semipermeable nature of the plasma mem­
brane, certain chemical and physical prerequisites must be 
met prior to passage. Nonpolar compounds pass through the 
membrane easier than polar compounds and undissociated com­
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pounds easier than the constituent ions. Compounds with a 
small molecular size also are more easily admitted. 
2. Translocation within the plant to untreated areas. 
This occurs mainly in the transpiration stream following 
application to the roots but largely in the phloem after 
foliar application (Wedding, 1953; Teitz, 1954). 
3. Ingestion by plant pests. Systemic insecticides 
are highly effective against pests such as aphids, mealy­
bugs, and mites. The toxicants are usually ingested by 
pests sucking plant juices or those crushing cells and feed­
ing on the liquids exuding from the cells. Since systemic 
insecticides move in a liquid medium within the plant, it is 
reasonable to assume that pests feeding on plant juices in­
gest large quantities of the toxicant and may be more sub­
ject to the toxic action of these materials than chewing in­
sects. 
4. Movement within the insect body and toxic action. 
Following ingestion of organic phosphates, these materials 
concentrate in the crop and then diffuse into the blood 
where they are circulated in the body coming into contact 
with the cite of action, the nervous system (Fernando 
et al.. 1951). 
In the passage of a nerve impulse in mammals, acetyl­
choline is released which permits the passage of the impulse 
over a synapse and stimulation of effector cells. 
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Cholinesterase then acts upon the substrate, acetylcholine, 
splitting it into choline and the acetate ion which termi­
nates the passage of the impulse. However, inhibition of 
cholinesterase by organophosphorous insecticides prevents 
the enzymes' action on acetylcholine so that nerve impulses 
continue to pass and stimulate effector cells. This inter­
ference with the proper passage of nerve impulses results in 
symptoms such as headache, abdominal cramps, tightness in 
the chest, and non-reactive pin-point pupils. 
Since it has been shown that acetylcholine is present 
in insects and high levels of cholinesterase are present in 
insect nerve tissue, the action of organophosphorous insec­
ticide or their metabolites against the insect acetylcho-
line-cholinesterase system is believed to be a major factor 
in the toxicity of these materials to insects (Eukuto, 
1957)« A strong correlation between in vitro anticholines­
terase activity and toxicity to insects has been demon­
strated (Chadwick and Hill, 1947; and others). 
This pathway differs considerably from other conven­
tional surface or contact insecticides in that it involves 
absorption and translocation in the plant and ingestion by 
the pest. Contact insecticides are absorbed directly 
through the insect cuticle. 
The advantages afforded by systemic insecticides over 
the more conventional insecticides are here grouped into 3 
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classes and delineated as follows (after Ripper, 1952): 
1. Systemic insecticides control hidden pests other­
wise missed by surface insecticides. In the sheltered posi­
tion of such insects as aphids feeding in crinkled, deformed 
leaves (Ripper, 1952) and mealybugs hidden within tents 
built by ants (Hanna et al.. 1952), the insects, in effect, 
elude the toxicant. 
2. Many systemic insecticides are selective for cer­
tain insects but do not show serious effects on others, such 
as nonphytophagous parasites, predators, and pollinators. 
Schradan, Isopestox, and C. R. 409 applied to the soil were 
toxic to cabbage aphids but showed little or no toxicity to 
the predators Coccinella septumpunctata and Syrpha sp. or to 
the parasite Aphidius brassicae (Ripper et al.. 1951)• Cer­
tain predators may be killed, however, by feeding on aphids 
killed by demeton or schradan, whereas other predators are 
relatively insensitive to systemic organophosphorous insec­
ticides (Ahmed, 1954; Ahmed, 1955). Many pollinators are 
also relatively insensitive to systemic organophosphorous 
insecticides (Hanna et al.. 1952). 
Selective toxicity of organophosphorous insecticides 
to insects was divided into 2 categories by Spencer and 
O'Brien (1957): (a) selectivity effected by ecological or 
behavioral habits, as in systemic insecticides ingested only 
by phytophagous insects and (b) selectivity based on the 
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intrinsic differential toxicity of these materials to dif­
ferent species of insects. 
Several hypotheses have been suggested to explain the 
differential toxicity of a given compound to different spe­
cies of insects. O'Brien and Spencer (1953) suggested that 
susceptible insects convert schradan to an anticholinester­
ase agent within nerve tissue while in nonsusceptible spe­
cies the conversion rate in the fat body of the insect was 
so great that little or no unconverted schradan reached the 
nerve tissue and the short-life oxidation product of schra­
dan was incapable of penetrating the insect lipoid nerve 
sheath. That this lipoid nerve sheath is a barrier prevent­
ing penetration into the nerve tissue has also been proposed 
for other neurotoxins (Richards, 194-3). 
Another hypothesis supporting physiological selectivity 
was a varying degree of sensitivity of insect cholinesterase 
to these compounds (Oasida, 1955)» Brain cholinesterase of 
the honey bee was very insensitive to some organophosphorous 
insecticides while cholinesterase in the brain of houseflies 
was very sensitive (Met calf and March, 194-9; Met calf and 
March, 1950). Cholinesterase from the nonsusceptible 
Trialeurodes vaporariorum and Blatella germanica required 6 
to 24- times as much oxide of schradan for inhibition as that 
of the housefly (Oasida et al., 1954-). 
3. Systemic insecticides persist at toxic levels in 
plants for extended periods of time, thus reducing the num­
ber of insecticide applications necessary for sustained con­
trol. Thimet, applied to cotton seed, protected the young 
cotton seedlings from cotton aphids up to 49 days after 
planting (Hacskaylo and Clark, 1957). Systox or phorate, 
applied as soil drenches to certain ornamentals, provided 
extended control of aphids on mums; and Systox or phorate 
effectively killed cyclamen mite on kalanchoe and cyclamen 
(Schread, 1956). Thimet, applied as sprays in furrows on 
either side of rows of strawberry plants gave control of 
aphids and mites for 2 months (Wilcox and Howland, 1957). 
Since systemic insecticides persist for longer periods 
of time and generally move into new growth, they are useful 
prophylactics to establishment of phytophagous insect infes­
tations. Success has been reported in reducing virus on 
strawberries by preventing the vectors from becoming estab­
lished (Dicker, 1950); in the prevention of swollen shoot of 
cocoa by controlling a coccid vector (Hanna et al., 1952); 
and in the prevention of lettuce virus by controlling the 
lettuce aphid (Hipper, 1952). 
Systemic insecticides show a great advantage over sur­
face contact insecticides in that they can be applied to the 
plant by several different methods, by seed treatment, soil 
application, application to stems, and foliar application. 
This permits selection from several methods of application 
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to fit specific situations. 
Thimet was successful as a seed treatment on cotton in 
protecting young seedlings from insect feeding (Ivy et al.. 
1950; Hipper et al.. 1950). 
Selenium compounds applied to the soil were utilized 
successfully against aphids and mites on wheat (Hurd-Karrer 
and Poos, 1936), against a foliar nematode in chrysanthemum 
(Dimock, 1944), and in numerous other cases. Soil applica­
tions of systemic organophosphorous insecticides are used 
extensively. The behavior and effectiveness of schradan, 
demeton, and phorate are perhaps the best known. Schradan 
was readily absorbed from solutions but not as readily from 
sand and even less so from soils rich in colloids (David, 
1950). The availability of phorate to absorption by roots 
follows the same general pattern (Getzin, 1958b). 
There are certain advantages to applying systemic in­
secticides to the soil (Hipper, 1957)« (1) Persistence of 
the systemic effect is much longer. (2) Root applications 
permit ecological selectivity while foliar applications 
leave them nonselective. (3) It is possible to treat plants 
before many leaves have appeared, at a time when absorptive 
surfaces are confined to the stem. (4) The hazards of acute 
toxicity during application are reduced when sprays or mists 
are avoided. 
Systemics applied to the bark or implanted into the 
12 
trunk of trees was very efficient. Application of demeton 
to the trunks of citrus trees gave good control of red mite 
and proved more efficient than soil applications (Jeppson 
et al., 1952). This was confirmed by Bond (1953) who demon­
strated that the same degree of control of Planococcus 
kenyae was afforded by half the quantity of dimefox neces­
sary for soil application. 
Systemics applied to the leaves vary in their action 
and effectiveness. Within a few hours after application 
the unchanged thiol isomer of demeton is lost from the leaf 
surface by evaporation, breakdown into toxic nonvolatile 
compounds, and absorption (Thomas et al., 1955). Contrary 
to this, schradan was partially absorbed by leaves and some 
evaporated, but the rest remained for a considerable time 
on the leaf surface. 
Translocation of demeton and schradan following foliar 
sprays occurs, but reasonably good cover is needed in order 
to render the entire aerial portion of the plant toxic to 
insects (Hipper, 1957). Translocation of schradan and 
demeton following foliar applications occurs mostly in the 
phloem but is also conducted to a certain degree in the 
xylem (Thomas and Bennett, 1954; Wedding, 1953; Tietz, 1954). 
The ratio of xylem to phloem movement was 1:2.2 for schradan 
in Pelargonium (Tietz, 1954). Some absorption of phorate 
into leaves of potato occurred, but translocation was not 
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demonstrated (Getzin, 1958a). Because of the volatility of 
phorate, 50 percent was lost from the leaf surface within 3 
hours after application; and only 8 to 10 percent remained 
3 days after application. Residues of phorate, applied as 
a foliar spray on chrysanthemums at the rate of 0.75 lb. 
actual phorate per 100 gallons, decreased to about 240 ppm 
phorate equivalent to 31 days while residue levels exceeded 
1600 ppm phorate equivalent on the same day following a soil 
drench of the same rate (Schulz, 1957). 
These investigations report a search for principles 
that would have broad implication in solving some of the 
problems encountered in the use and evaluation of the resi­
dues of systemic organophosphorous insecticides. 
The differential toxicity to pests of certain systemic 
insecticides complicates the recommendation of rates of 
application. Aphids are readily killed by a low rate of 
phorate, whereas a much higher rate is needed to kill two-
spotted spider mites. Concentrations of schradan from 20 to 
50 ppm were lethal to the female citrus red mite, but about 
4000 ppm were needed to kill adult female greenhouse thrips 
(Metcalf and March, 1952). Aphis fabae was killed by 50 ppm 
schradan (David, 1951). 
Since many of the systemic organophosphorous insecti­
cides are extremely toxic to mammals, it is important that 
toxic residues, if any, can be evaluated In edible portions 
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of plants and measures taken to assure safe usage on plants 
destined for feed or food of mammals. The problem of resi­
due evaluation is now considered a limiting factor in the 
use of systemics on food crops (Reynolds, 1954). One of the 
disadvantages on selenium was that it remained unchanged in 
the plant and its toxicity persisted. However, compounds 
such as demeton and phorate are metabolized in the plant to 
compounds which differ in activity from the original com­
pound (Metcalf et al., 1954; Bowman and Oasida, 1957; 
Metcalf et al.. 1957). The metabolism of these compounds 
within plants complicates the accurate analysis of residues. 
A method of analyzing residues of organic phosphates, 
developed by Hensel et al. (1954) for the analysis of 
demeton residues, was based on the fact that organic phos­
phates inhibit cholinesterase. But because of the in vivo 
metabolism of some systemics to compounds of differing 
anticholinesterase properties and because the proportions 
of these metabolites are not known at a given time after 
application, the interpretation of residue analysis by the 
electrometric or anticholinesterase method of Hensel et al. 
is complicated. 
The differential toxicity to insects of these metabo­
lites and the lack of knowledge concerning proportions of 
these metabolites in plants also throws doubt on whether 
there is a correlation between kill of insects and residue 
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levels determined electrometrically. A lack of correlation 
existed between kill of alfalfa aphids following a soil 
application of phorate and residue values determined elec­
trometrically (Sisson, 1958), but there was a high correla­
tion when phorate was applied to the leaves. 
Phytotoxicity is unpredictable following the use of 
certain systemic insecticides. Toxicity to plants was an 
important factor in discouraging the use of selenium as a 
systemic insecticide. Although systemic organophosphorous 
insecticides have controlled insects experimentally, phyto­
toxicity has often accompanied their use. Demeton or 
phorate, applied as soil drenches to chrysanthemums, con­
trolled two-spotted mites; but phytotoxic symptoms were 
severe. Thimet, compound 6-22870, and American Cyanamid 
experimental compound 12008 controlled aphids on geranium 
but produced some marginal leaf burning, and repeated soil 
applications of demeton injured nephthytis plants (Schread, 
1956). Oasida et al. (1954), in discussing phytotoxicity 
with schradan, proposed the hypothesis that the phosphor-
amide oxide metabolite inhibited the phosphatase enzyme sys­
tem or other essential esteratic plant enzymes. 
In order to insure safety in the use of systemic organ­
ophosphorous compounds on food crops, and to be able to pre­
dict the control of insects infesting specific areas on a 
given plant, it is important to know the persistence and 
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localization of residues in various plants. The residues 
of phorate or Chipman B-6200 implanted experimentally in the 
trunks of cacao trees persisted up to 20 months in the foli­
age, "but little or no residues were found in cacao beans at 
anytime after treatment (Bowman and Oasida, 1958). High 
anticholinesterase activity was detected in the foliage of 
chrysanthemums following soil application with demeton or 
phorate, but relatively low concentrations of residues were 
detected in the flowers (Schulz, 1957). Bis (bis-dimethyl 
amino) phosphonous anhydride did not only render the foliage 
of strawberry plants toxic to aphids, but toxic amounts were 
also translocated to the runners (Dicker, 1950). 
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EXPERIMENTATION 
In the investigations reported here, the objectives 
were as follows: 
1. To define a useable and effective range of toxic 
residues that will kill aphids and mites but not produce 
phytotoxic symptoms. 
2. To determine if there is a correlation between 
residue levels determined electrometrically and percent kill 
of melon aphids• 
3. To determine the persistence and localization of 
toxic residues in chrysanthemum and strawberry plants. 
Electrometric Analyses of Phorate Residues 
Phorate, 0,0-diethyl S-ethylthiomethyl phosphoro­
dithioate, is an organophosphorous insecticide. It was 
developed by American Cyanamid Company and appeared in the 
experimental stage about 1954. After field trials under a 
code number, it was given the trade name Thimet and only 
recently, 1959» has the common name phorate been accepted. 
At present, phorate is approved for use only as a seed 
treatment on cotton and in granular form applied to the soil 
for control of insects on potato but offers promise of adop­
tion to a broader range of problems. 
Phorate residues in treated chrysanthemums, straw­
berries and carnations were analysed electrometrically. In 
18 
preparation for the analyses the residues were extracted 
from plant tissues either with water or with chloroform. 
The methods of residue analyses employed in these in­
vestigations were "based upon a modification by the American 
Cyanamid Company (1957) of the electrometric or anticholin­
esterase method developed by Hensel and his associates 
(1954). 
The equipment used for the analyses was as follows: 
Hobart Food Chopper; Waring Blendors; a Sargent Model SW 
(S-82055) Thermonitor-controlled constant temperature water 
bath, Figure 1, and a Beckman 600, Model Gr, pH meter. He-
agents used were human blood plasma; a plant buffer solu­
tion, 0.036 molar sodium barbitol, 1.2 molar potassium chlo­
ride, and 0.008 molar primary potassium phosphate ; distilled 
water; 0.264 molar acetylcholine chloride or acetylcholine 
iodide; and 99 percent pure technical phorate. 
Two variations of the procedure were used in analyzing 
residues. The first, hereinafter designated method A, 
closely followed that presented by the American Cyanamid 
Company (1957). Results were expressed as parts per million 
phorate equivalent. In the second modification, hereinafter 
designated method B, the phorate standard curves were omit­
ted and the results were expressed as grams of tissue re­
quired for 50 percent cholinesterase inhibition. 
Figure 1. Sargent Model SW Thermonitor-Controlled Constant Temperature 
Water Bath. 
a. Fifty milliliter volumetric flasks used in 70 minute phorate 
inhibition of cholinesterase. 
b. Five milliliter microbeakers in place in the water bath 
during the 90 minute incubation of cholinesterase with the 
acetylcholine substrate. 
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1. In method A, 0.4 g of technical phorate was placed 
in a 5 ml microbeaker. Into each of 2 other microbeakers, 
0.6 g of emulsifier, a 1:1 mixture by weight of Atlox 1045A"*" 
and 1256, was placed. 
2. One 0.6 g volume of emulsifier was placed in suf­
ficient 95 percent ethyl alcohol to bring the total volume 
to 100 ml. The phorate and emulsifier from the 2 other 
microbeakers were combined and the volume brought to 100 ml 
with 95 percent alcohol. 
3. Ten milliliters were pipetted from each solution 
into separate 500 ml volumetric flasks. Each flask was 
filled to volume with distilled water. One milliliter of 
the phorate-emulsifier water dilution contained 80 ug of 
phorate. 
4. Plant material was collected and macerated with 
distilled water in a Waring Blendor. In the first several 
experiments the ratio of plant material to water placed in 
the Waring Blendor was adjusted, depending on an estimate of 
the concentration of residues in the tissue. In later ex­
periments the ratio was kept constant at 1 part plant mate­
rial to 4 parts water insuring more uniform extraction among 
analyses. Usually 50 g of plant material to 200 ml of water 
were the amounts. 
P^olyoxyethylene sorbitol esters of mixed fatty acids. 
Mfr., Atlas Powder Company. 
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5. The water-plant homogenate was expressed through 
3 layers of double fold cheesecloth. The resulting filtrate 
was brought to pH 7.35 with 1 Normal NaOH. Insoluble plant 
materials were discarded. 
6. Aliquots of the filtrate were placed in 50 ml 
flasks containing human blood plasma. In the initial anal­
yses 5 ml of plasma were used routinely. But it was dis­
covered that the cholinesterase activity of plasma samples 
was widely variable. This caused considerable fluctuation 
in the delta pH in a series of analyses. In an effort to 
standardize the quantity of cholinesterase placed in each 
50 ml volumetric flask several bottles of plasma were pooled 
and the volume of plasma required for a delta pH of about 
1.5 was determined. This volume was used in each 50 ml 
flask. 
The weight of plant tissue to be placed in the 50 ml 
flasks was estimated from preliminary analyses in each ex­
periment. Amounts were used that could be expected to yield 
between 20 and 80 percent inhibition of plasma cholinester­
ase. The straight line portion of the sigmoidal curve, per­
cent inhibition versus log ml of extract per 50 ml flask, 
extends from approximately 20 to 80 percent inhibition. 
Some values obtained in certain experiments either fell 
above or below this range. Although these estimates of 
residues were not considered as valid as those within the 
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range, they were indicated with a footnote and included in 
the tables for comparative purposes. 
The weight of plant tissue represented in each 50 ml 
flask was adjusted by 1 of 2 methods. Either the weight of 
plant material to be placed in the blendor could be adjusted 
in relation to the volume of water used, or, if this ratio 
were kept constant, the volume of aliquot used could be ad­
justed. The latter method was employed in the final experi­
ment on both chrysanthemums and strawberries. 
7. Five flasks were used to prepare a standard curve. 
Flask 1 contained only untreated plant material and S ml of 
the emulsifier - water mixture; flasks 2 to 5 contained un­
treated plant material and 2, 4-, 6, and 8 ml, respectively, 
of the phorate-emulsifier-water dilution. The phorate 
equivalents per 50 ml flask were, respectively, 160, 320, 
480, and 640 ug. The remaining flasks each contained an 
aliquot of treated plant tissue to be analyzed. The weight 
of untreated plant tissue used in preparing the standard 
curve was kept equal to the amount used in flasks contain­
ing treated plant material. If 2 individual treatments were 
being analyzed and the weight of treated tissue per flask 
differed, a separate standard curve was prepared for each 
treatment. An additional flask containing only plasma and 
water served as a control. 
8. Bach flask was filled to 50 ml with distilled water 
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and incubated at 37.5°C for 70 minutes in the constant tem­
perature water bath. 
9. Upon removal from the water bath, 1 ml aliquots 
from each flask were placed in each of two 5 ml microbeakers 
containing 1 ml of the plant buffer solution. 
10. The microbeakers were placed in the water bath, 
Figure 1, for about 10 minutes to bring the contents to 
37.5*0. 
11. Microbeakers were removed serially in pairs, 0.5 ml 
of the acetylcholine substrate added to each, and the ini­
tial pH of each recorded. (See sample data form, Appendix 
Figure 19.) 
12. Immediately after reading the initial pH of each 
pair of samples a small watch glass was placed to cover each 
microbeaker and it was again placed in the water bath for 90 
minutes incubation. 
13. At the end of the 90 minute incubation the samples 
were removed serially in pairs and the final pH recorded. 
(See sample data form. Appendix Figure 19.) 
14. Calculations ; (See sample data form. Appendix 
Figures 19 and 20.) The difference between the 2 pH read­
ings, the delta pH, was determined for each sample and the 
average of the delta pH values for each pair computed. The 
percent inhibition was computed by the following formula: 
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(Average delta _ (Average delta pH 
pH of control) ~ of each treatment) 
io I - — —7—— — X 100. 
Average delta pH of control 
Percent inhibition was plotted against ug of phorate 
for each of the 4 points in the standard curve. The micro­
grams of phorate equivalent per flask of the unknown was 
read from the 4-point standard curve by reading from the # I 
on the ordinate to interception of the standard curve thence 
to the abscissa. 
The parts per million of phorate equivalent were then 
computed by the following formula: 
w (2-l-S) 
ppm = ~ wherein 
¥ = micrograms of phorate equivalent in the aliquot of 
extract added to the 50 ml flask. 
Y = weight of plant sample in grams. 
a = volume of water in ml added to Y for maceration. 
b = volume of extract in ml taken for analysis. 
Method B was used only in the last experiment on chrys­
anthemums. It is basically the same as method A except that 
a standard phorate curve was not used. Chrysanthemum foli­
age from treated and untreated plants was sampled. A 50 g 
subsample was removed and macerated with 200 ml distilled 
water in a Waring Blendor. The plant brei was filtered 
through 3 folds of double cheesecloth. The filtrate was 
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adjusted to pH 7.35 with 1 Hernial NaOH. Aliquots were re­
moved and placed in 50 ml volumetric flasks containing a 
volume of human blood plasma sufficient to yield a delta pH 
of about 1.5. Beyond this point the procedure was the same 
as method A from step 8 through 13. 
A series of 4 aliquots of different volumes was used 
for each rate of application in order to prepare a 4-point 
curve of percent inhibition versus ml of tissue per 50 ml 
volumetric flask. The volume of the aliquots was estimated 
from the preceding analysis in an effort to approximate 
weight of plant tissue required to provide 4 points between 
20 and 80 percent inhibition. 
It was observed in some preliminary work that untreated 
plant tissue inhibited a small amount of cholinesterase. To 
correct for this, a 4-point curve of untreated plant tissue 
was prepared to accompany each analysis. An example of such 
a curve is presented in Figure 2. From this curve the delta 
pH of untreated tissue could be read for the appropriate 
concentration of treated tissue. 
The percent inhibition for each concentration of 
treated tissue was calculated by the following formula: 
(Average delta pH (Average delta pH 
for x ml of untreated - for x ml of treated 
$ I - plant tissue plant tissue) % -^ QQ. 
Average delta pH for x ml of 
untreated plant tissue 
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For example, 4 ml of the water extract was used for the 
first point of the 0.25 oz. rate yielding a delta pH of 
0.94. The delta pH for 4 ml of untreated tissue, read from 
the curve, Figure 2, is 1.58. The corrected percent inhibi­
tion, using the above formula, for the first point of the 
curve representing 0.25 oz. per 100 gallons was as follows : 
i^j-94 * 100 = 51-9-
The curves representing inhibition versus ml of extract 
per 50 ml flask for the 2 rates (Figure 2) are presented in 
Figure 3 after the corrected percent inhibition was calcu­
lated for each point. A straight line was plotted visually 
to fit points between 20 and 80 percent inhibition. If only 
3 values fell between 20 and 80 percent inhibition, a line 
was plotted for the 3 points. 
The number of ml needed to give 50 percent inhibition 
was read from the curve of percent inhibition versus ml of 
water extract per 50 ml volumetric flask. The 50 percent 
I value was converted to grams of tissue by dividing by 4. 
(The ratio of plant tissue to water was 1:4.) The anti­
cholinesterase activity of the phorate residues was ex­
pressed as grams of tissue necessary for 50 percent inhibi­
tion of cholinesterase. 
For the examples cited above, the 50# I values were 
1.96 g and 0.14 g for the 0.25 oz. and 2.0 oz. rates, 
respectively. 
Figure 2. Sample curve of representative data plotted to 
demonstrate the method for estimating the delta 
pH of untreated plant tissue for each concen­
tration of treated plant tissue. 
Figure 3. Sample curves used in estimating quantity of 
extract required for 50 percent cholinesterase 
inhibition. 
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Water extractions 
Chrysanthemums Rooted chrysanthemum cuttings of the 
variety Indianapolis White for these investigations were 
supplied by Yoder Brothers, Incorporated, Barberton, Ohio. 
These cuttings were grown as standard disbuds in 6 in. pots. 
The potting medium consisted of 5 parts by volume Webster 
clay loam, 3 parts sand, and 2 parts peat. 
Phorate was applied as a soil drench in the experiments 
2 
reported. An emulsifiable concentrate, containing 8 lbs. 
of actual phorate per gallon, was diluted with water to the 
desired concentration and 200 ml applied to each 6 in. pot. 
It was found that 200 ml was sufficient to thoroughly wet 
the soil. 
In certain experiments procedures required transplant­
ing a number of plants after phorate applications had been 
made. In these cases the loose soil was carefully shaken 
from the roots, and the roots dipped in a deep tub of water 
to remove the remaining soil. The plants were then repotted 
in 6 in. pots containing phorate-free soil. 
Experiment 1 The first of the experiments on 
chrysanthemums was conducted (l) to extend the experiments 
of Schulz (1957) to determine the persistence of cholin-
o  
Supplied by American Cyanamid Co., Stamford, Conn. 
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esterase inhibiting phorate residues in chrysanthemum foli­
age for periods longer than 56 days after application; (2) 
to further compare the difference in concentration of resi­
dues in the flowers with those in the foliage as discovered 
by Schulz (1957); and (3) to determine if a significant dif­
ference in concentration of residues occurs between leaves 
on the upper part of the stem and leaves on the lower part 
of the stem. 
Phorate was applied as a soil drench to 12 week old 
plants arranged in a randomized block design on greenhouse 
benches filled with pea gravel overlaid with 0.25 inch mesh 
wire-screening. Rates of application and sampling intervals 
are presented in Table 1. 
Table 1. Rates of phorate applied to chrysanthemums and 
sampling dates. Experiment 1. 
Rate actual phorate/100 gals., Days after application 
200 ml per 6 inch pot samples analyzed 
Untreated 
2.0 oz. Foliage - 34, 52, 66, 
99, 141 
Flowers - 34, 52 
4.0 oz. Foliage - 30, 34, 56, 
66, 98, 141 
Flowers - 30, 56 
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On each of the sampling dates the basal 9 leaves and 
terminal 15 leaves were removed from each of 4 plants in 
each treatment. The terminal inflorescences of 4- plants per 
treatment were collected on each of the 2 sampling dates and 
chopped in the Hobart food chopper. Electrometric analyses 
were carried out under method A, page 21. 
Cholinesterase inhibiting residues, resulting from soil 
applications of 2 oz. or 4 oz. actual phorate per 100 gal­
lons were found in the foliage at the termination of the ex­
periment, 141 days after the application. The residue lev­
els at this time were about 245 and 1000 ppm phorate equiv­
alent, respectively, for the 2 oz. and 4 oz. rates, Figure 
4, Appendix Table 11. 
Residues in reproductive structures were of much less 
magnitude than those in vegetative structures. Uo activity 
was detected at the 2 oz. rate and only 60 ppm at the 4 oz. 
rate 56 days after application. About 865 ppm were present 
in foliage at this time. This is in accord with previous 
findings on chrysanthemum (Schulz, 1957) where about the 
same situation was observed. These observations and those 
of Bowman and Casida (1958) wherein greater residues were 
found in the foliage than in the beans of the same cacao 
plants suggest that either differential rates of degradation 
of the residues occur in the 2 types of tissues, or that 
there exists marked differential permeabilities of tissues 
Figure 4. Residues in chrysanthemum foliage and flowers following soil 
drench applications of phorate. Experiment 1. 
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to the movement of phorate or its oxidation products within 
certain plants. 
Fisher's t test applied to the differences "between 
phorate residues in the upper leaves and residues in the 
lower leaves did not indicate significant differences at the 
5 percent level of probability. 
Experiment 2 Preliminary to a more extensive 
experiment, a second experiment was conducted to determine 
the minimum period of time needed for chrysanthemum plants 
to take up enough phorate from treated soil to permit sub­
sequent evaluation of residues in the plants. 
Two hundred milliliters of a phorate dilution, 2 oz. 
per 100 gallons, were applied to each of 80 six inch pots 
containing established chrysanthemum plants potted 6 weeks 
previously. Of these plants, 20 were transplanted after 6 
hours exposure, 20 after 24- hours exposure, 20 after a 3 day 
exposure, and 20 left undisturbed. Twenty plants were not 
treated to serve as a control. 
Electrometrie analyses of residues were carried out by 
method A, page 1, at intervals of 1, 3, 5, 8 and 19 days 
after application. 
It was found that established chrysanthemum plants 
could be transplanted successfully as all the plants used 
in this experiment survived and appeared to develop as well 
as those left undisturbed. 
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Prom examination of the results, Figure 5 ,  Appendix 
Table 12, it was decided that 1 day's exposure was suffi­
cient time for chrysanthemum plants to take up enough 
phorate to permit extensive electrometric evaluations of 
the resulting residues. 
Experiment 3 A third experiment, also prelim­
inary to a more complex experiment to follow, was conducted 
to develop a satisfactory method of utilizing melon aphids 
Aphis gossypii Glover for the toxicity of residues and to 
observe relationships between the percent kill of aphids and 
residue values determined electrometrically. 
Phorate was applied as a soil drench at the rate of 
2 oz. per 100 gallons to 15 week old potted chrysanthemum 
plants. Twenty-four of these plants were transplanted after 
1 day's exposure and the other 24 left undisturbed. Forty-
eight untreated plants were handled in the same manner. At 
1, 3j 8, 15, 22, and 29 days after application, foliage 
samples were removed and analyzed electrometrically for 
phorate residues, as described under method A, page 21. 
The great differences between levels of cholinesterase 
inhibiting residues in leaves of plants repotted following 
phorate application to the soil and the levels found in 
leaves of plants left undisturbed after the application 
(Table 2) clearly indicate that residue levels in trans­
planted plants may drop rapidly to levels not toxic to 
Figure 5• Residues in chrysanthemum foliage following soil drench 
applications of phorate. Experiment 2. 
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Table 2* Parts per million phorate equivalent in chrys­
anthemum foliage. Experiment 3. 
Hate actual phorate per 100 gallons, 
200 ml per 6 inch pot 
Days after 2.0 oz., not 2.0 oz., 
application transplanted transplanted 
1 0  0  
3 144 157 
8 588 174 
15 1122 459 
22 2040 314 
29 3500 680 
aphids. This would permit observation of the minimum level 
of phorate residues toxic to melon aphids within a brief 
time. 
In experiment 3, a cage, constructed to confine aphids 
on a chrysanthemum leaf, was tested and a method of assaying 
toxic residues with aphids was developed. This will be dis­
cussed in a later section, Toxicity to aphids, page 79. 
Experiment 4 On the bases of findings from the 
preliminary experiments, a fourth experiment was conducted 
(1) to evaluate and compare the magnitude and persistence of 
phorate residues in plants continuously subjected to an ini­
tial soil drench of phorate with plants repotted to phorate-
free soil following a time of exposure to the initial treat­
ment; (2) to determine if there is a correlation during the 
uptake and progressive degradation of phorate in living 
plant tissues between kill of aphids and residue values 
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measured electrometrically; (3) to define minimum thresholds 
of residues toxic to aphids and mites. Plants were potted 
15 weeks previous to the soil drench application of phorate. 
Rates of application and sampling dates are presented 
in Table 3. 
Table 3. Bates of phorate applied to chrysanthemums and 
sampling dates. Experiment 4. 
Bate actual 
phorate/lOO gals. 
200 ml/6 inch pot 
Ho. 
of 
plants 
Days after appli­
cation samples 
analyzed 
Transplanted 
after 24 hour 
exposure to 
soil drench 
Untreated 
0.5 oz. 
84 
84 
1,2,4,7,11,14,18, 
21,25,28,33,36,40, 
47,58 
do. 
2.0 os. 84 do. 
Untreated 84 do. 
Not 
transplanted 0.5 oz. 84 do. 
2.0 oz. 84 do. 
Plants were arranged in rows of 4 across greenhouse 
benches in a randomized block design. The first plant of 
each row was reserved for observing mites and aphids while 
the 3 remaining plants were used for electrometric analysis 
of phorate residues. 
On each sampling date the leaves of 3 plants in each 
treatment were removed according to a randomized sampling 
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order and assayed electrometrically "by method A, page 21. 
At 14, 29 and 37 days after application the inflorescences 
of 3 plants per treatment were removed and analyzed electro­
metrically by the same method for the presence of phorate 
residues. 
Results of these analyses are presented in Figure 6 and 
Appendix Table 13. 
Persistence of phorate residues is again demonstrated. 
At 2 025. phorate per 100 gallons, residues exceeding 1150 
ppm phorate equivalent were found 58 days after application 
and at 0.5 oz., 371 ppm phorate equivalent of residues per­
sisted at 58 days. Residues in plants receiving only 1 
day's exposure to phorate before transplanting exhibited 
anticholinesterase activity for more than 58 days following 
a soil drench of 2 oz. phorate per 100 gallons and for 47 
days following the 0.5 oz. rate. 
Since the transplanted plants received only a 24 hour 
exposure to phorate, it follows that the oxidation of the 
quantity absorbed to more potent anticholinesterase agents 
was represented by the ascending portion of the curves 
(Figure 6). The descending portion indicated the results 
of hydrolysis inactivating the oxidative metabolites. How­
ever, in plants left undisturbed after application, phorate 
was being absorbed continuously, resulting in the greater 
magnitude of residues throughout the duration of the 
Figure 6. Residues in chrysanthemum foliage following soil drench applica­
tions of phorate. Experiment 4. 
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experiment. 
A discussion of mite and aphid tests are presented in 
the following section, Biological Analyses of Phorate Resi­
dues. 
Experiment 5  A fifth experiment was conducted 
with chrysanthemum plants to test for correlation between 
residue values, determined electrometrically, and percent 
kill of melon aphids, Plants were treated and sampled for 
electrometrie analyses as in Table 4. 
Table 4. Rates of phorate applied to chrysanthemums and 
sampling dates. Experiment 5. 
Rate act. phorate So. 
per 100 gallons, of Days after application 
200 ml/6 in. pot plants samples analyzed 
Sot trans­
planted Untreated 80 
Trans­
planted 0.25 oz. 80 6,10,20,24,27,31 
Trans­
planted 2.0 oz. 80 
2,6,10,20,24,27,31, 
34,38 
Hot trans­
planted 0.25 oz. 80 
6,10,20,24,27,31,34, 
38,41,45 
Hot trans­
planted 2.0 oz. 80 
2,6,10,20,24,27,31,34, 
38,41,45,48,52,56,59, 
62,66 
Plants were arranged in rows of 4 across greenhouse 
benches in a randomized block design. The first plant in 
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each row was reserved for aphid assays and the remaining 3 
plants for electrometric analyses. 
On each sampling date the leaves on the upper third of 
3 plants per treatment were removed according to a random­
ized sampling order and assayed electrometrically as de­
scribed under method B, page 25. 
Results of electrometric analyses are presented in 
Figure 7 and Appendix Table 14. 
Persistence of cholinesterase inhibiting residues in 
plants continuously exposed to a phorate soil drench again 
is demonstrated. Only 0.37 g of leaves from plants treated 
at 2.0 oz, per 100 gallons was needed for 50 percent inhi­
bition 66 days after application. Detectable residues per­
sisted for 38 days in plants treated with 0.25 and 2.0 oz. 
per 100 gallons. After 38 days, residues in plants treated 
at 0.25 oz. dropped rapidly for they could not be detected 
41 days later by the electrometric method of analysis. That 
residue levels dropped rapidly was also indicated by resi­
dues in transplanted plants treated at 0.25 and 2.0 oz. per 
100 gallons. The amount of leaf tissue needed for 50$ I 
(from plants receiving 2,0 oz. per 100 gallons) increased 
from 0.88 g at 20 days to 6.0 g at 34 days. The arrows 
(Figure 7) indicate that residue levels at the time the next 
assay was conducted had dropped to a level not detectable by 
this method of residue analysis. 
Figure 7. Residues in chrysanthemum foliage following soil drench 
applications of phorate. Experiment 5. 
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That residues tended to be evenly distributed between 
top and bottom leaves was apparent in the results of Experi­
ment 1. However, in the fifth experiment, 2 analyses were 
made in which residue levels were compared between the upper 
1 inch of the plant, where new leaves were being formed, and 
residues in leaves on the rest of the plant. Plants treated 
with 2 oz. phorate per 100 gallons were used. The first 
analysis, 29 days after application, showed that 4.25 g of 
tissue from the upper 1 inch was needed for 50 percent inhi­
bition of cholinesterase, whereas only 0.38 g of leaves on 
lower portions of the stem yielded 50 percent inhibition. 
In the second analysis, the same general situation was ob­
served where 1.27 g of tissue from the upper 1 inch of the 
stem yielded 50 percent inhibition, but 0.26 g of leaves 
from the lower part of the stem was sufficient for 50 per­
cent inhibition. These values were not corrected for in­
terference of plant tissue alone as described under method 
B, page 25. 
This disagrees with results of the first experiment 
where it was apparent that residues were evenly distributed 
in the foliage. However, in that experiment, residue levels 
in the upper 15 leaves were compared with levels in the 
lower 9 leaves. Thus, detection of the low concentration of 
residues in the upper 1 inch of the plant could have been 
masked by the relatively more active inhibitory residues 
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present in the rest of the pooled leaf sample. 
Controversial reports on localization of residues of 
phytosystemic insecticides in plant foliage have been pub­
lished in the literature. Residues of schradan were re­
ported to concentrate in leaves on the middle portion of 
the stem of broad bean plants (David, 1951). However, 
Wedding and Metcalf (1952) reported that schradan tended to 
accumulate most rapidly in the stem and leaves of younger 
tissues in bean plants. Residues of demeton tended to accu­
mulate in the upper leaves of lemon seedlings (Metcalf 
et al., 1954). 
Electrometric analyses of phorate residues in chrys­
anthemum have aided in determining the magnitude, persist­
ence, and localization of cholinesterase inhibiting residues 
in chrysanthemum plants treated with a phorate soil drench. 
At 4 oz. per 100 gallons, cholinesterase inhibiting resi­
dues were persisting at 142 days after application at levels 
approximating 1000 ppm phorate equivalent whereas at 2 oz. 
per 100 gallons, residues of about 250 ppm were present. 
Even at the low rate of 0.5 oz. per 100 gallons, residues of 
about 350 ppm phorate equivalent were present 56 days after 
application at levels approximating 1000 ppm phorate equiv­
alent; whereas at 2 oz. per 100 gallons, residues of about 
250 ppm were present. Even at the low rate of 0.5 oz. per 
100 gallons, residues of about 350 ppm phorate equivalent 
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were present 56 days after application when the fourth ex­
periment was terminated. Residues in plants treated with 
2 oz. per 100 gallons approximated 1150 ppm at this time. 
Peaks of cholinesterase inhibition appeared to occur 
from residues between 14- and 28 days after application, 
Figures 6 and 7. It seems, therefore, that the most effec­
tive control of plant feeding pests might be expected about 
this time. 
Complete knowledge of the localization of phorate resi­
dues within plants certainly is desirable, if not essential, 
to the safe and efficacious use of the insecticide in con­
trolling insect pests. One of the aphids infesting chrys­
anthemums, Aphis helichrysi Kalt., tends to feed largely on 
young, newly emerging leaves and flower buds at the apex of 
the stem. Two-spotted spider mites feed on the foliage as 
well as on the flowers. 
From the results of electrometric analyses it is evi­
dent that cholinesterase inhibitory residues tend to be much 
higher in the foliage than in flowers. Thus it appears that 
leaf feeding pests more readily would contact lethal doses 
of phorate residues than pests feeding on flowers. 
Cholinesterase inhibiting residue levels differed 
greatly between treated transplanted and undisturbed plants 
as shown in Figures 5, 6 and 7 and Table 2. However, in a 
discussion of residue values it is questionable whether the 
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values derived electrometrieally for the 2 groups can be 
compared on the same basis. It is known that phorate is 
oxidized in plants to metabolites which vary greatly in 
their anticholinesterase activity as well as in their tox­
icity to insects (Introduction, page 4), but information on 
the proportions of these metabolites at intervals following 
application is lacking. On a given day after application, 
for example at 26 days after application in Figure 6, elec­
trons trie analysis indicated the same parts per million 
values for both the 2 oz. rate, transplanted plants. and the 
0.5 oz. rate, undisturbed plants. However, the inhibition 
indicated in transplanted plants may result from a mixture 
of metabolites differing from those constituting the resi­
dues in undisturbed plants. The activity indicated in 
transplanted plants may result mainly from metabolites oc­
curring late in the oxidative series, especially the final 
metabolite, the phosphorethiolate sulfone, which is the most 
powerfully anticholinesterase compound since a limited quan­
tity of phorate was taken up by plants only at the beginning 
of the experiment. The activity present in undisturbed 
plants, however, may result from significant amounts of 
phorate continually being taken up from the soil in addition 
to the oxidative metabolites. Consequently, since the oxi­
dative metabolites differ in their toxicity to insects, but 
not in the same order as their anticholinesterase activity, 
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the same parts per million phorate equivalent values in the 
2 cases probably do not represent equal toxicity to insects. 
Symptoms of phytotoxicity were not observed in any of 
the chrysanthemum experiments described. However, in a 
small experiment set up on chrysanthemums growing in commer­
cial greenhouse benches at the Bosen Brothers Greenhouse, 
Boone, Iowa, burning was noted on the leaf margins follow­
ing application of rates of 2 and 8 oz. actual phorate per 
100 gallons. The volume of dilution applied per section of 
bench was equal to and based upon the amount applied to 6 
inch pots in the Insectary greenhouse. 
In the Insectary greenhouse phytotoxicity was also 
noted on chrysanthemum plants that had been treated with a 
soil drench of either 6 or 12 oz. per 100 gallons, 200 ml 
per 6 inch pot. Observations of phytotoxicity on chrysan­
themums treated with 4- oz. actual phorate per 100 gallons 
were reported by Schulz (1957) from experiments conducted in 
the Insectary greenhouse under conditions similar to those 
in the present investigation. 
Prom these observations it seems that the occurrence of 
phytotoxic symptoms is unpredictable. A possible explana­
tion may be that the soil used in the experiments differed, 
influencing the rate of uptake of phorate by the plant 
roots. A differential uptake of systemic insecticides from 
different soils has been reported (Getzin, 1958a, 1958b; 
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David, 1950). The most important factor regulating the rate 
of uptake of phorate by plants was the content of organic 
material in the soil (Getzin, 1958b). Plants growing in 
sandy soils readily absorbed phorate, whereas little phorate 
was taken up by plants growing in muck soils. 
Results of the present investigations and of experi­
ments conducted under similar conditions by Schulz indicate 
that a rate of slightly below 4 oz. actual phorate per 100 
gallons is the highest rate that can be applied to chrysan­
themum plants and still avoid phototoxicity when a soil 
mixture of 5 parts Webster clay loam, 3 parts sand, and 2 
parts peat is used. 
Strawberries Phorate was applied in 2 experiments 
conducted at the Iowa State University of Science and Tech­
nology Horticulture Farm and in 1 experiment in the Insec­
tary greenhouse. June-bearing strawberry plants of the 
variety Robinson were used. 
Objectives of experiments were (l) to obtain informa­
tion on the uptake of phorate by strawberry plants following 
field applications and (2) to observe the magnitude, per­
sistence, and localization of resulting residues. 
Experiment 6 In the first experiment at the 
Horticulture Farm phorate was applied at the rates 8 and 
12 oz. actual phorate per 100 gallons. A half gallon of 
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the dilution was applied to each of 32 plants in a block 
(4 plants x 8 rows) in each treatment. A metal form, 
12" x 12" x 8" high, was placed around each plant to confine 
the drench while the material was applied. The forms were 
removed when the material had soaked into the ground. 
Electrometric analyses of residues in the foliage were 
made 38 and 42 days after application. Parts per million 
phorate equivalent were 780 and 616 for the 8 oz. level and 
1260 and 1474 at the 12 oz. level for the respective anal­
yses. 
Experiment 7 Phorate was applied in the fall, 
October 10, 1957» at 8 and 16 oz. actual phorate per 100 
gallons to a second experiment at the Horticulture Farm to 
determine persistence of residues over winter as a possible 
means of controlling pests early in the spring. Electro-
metric analyses of residues in the foliage were run 4, 8 
and 220 days after application. A residue determination was 
made of phorate residues in the fruit 258 days after appli­
cation. 
Phorate was taken up readily by strawberry plants in 
the field and residues were persistent. It was demonstrated 
that residues persisted over winter, but the toxicity of the 
residues to virus-transmitting aphids and other insects was 
not evaluated. Many of the. plants used in the experiment 
died during the winter and only a small sample of fruit 
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could be collected for analysis. This analysis of residues 
in the fruit detected a small amount of anticholinesterase 
activity. Results of this analysis are given in Table 5. 
Table 5. Parts per million phorate equivalent in straw­
berry foliage and fruit. Experiment 7. 
Days after 
Rate actual phorate per 100 gallons, 
0.5 gallons per plant 
application 8 oz. 16 oz. 
4 1080 1440 
Foliage 8 2090 2288 
220 500 7500 
Fruit 258 77 3 1  
Electrometric analyses of water extracts were made in 
connection with experiment 8 on strawberries. Methods and 
results of this experiment are given in the next section, 
Chloroform extractions. 
Chloroform extractions 
In the quantitative determination of insecticide resi­
dues in plant tissues it is often desirable to use 2 methods 
of analysis to serve as elucidating checks on the status of 
residues. This is especially true when there is a possibil­
ity of detoxification or metabolism of the insecticide with­
in the plant. In the ease of chlorinated hydrocarbon 
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insecticides, a total chlorine chemical method of analysis 
would detect the chlorine of the insecticide as well as any 
nontoxic chlorine metabolites present. Results of such an 
analysis would indicate a residue level of greater toxicity 
than actually existed. A biological assay accompanying the 
chemical method would indicate the actual toxicity of resi­
dues and also indicate if a detoxification of the insecti­
cide had occurred in the plant. 
The organophosphorous insecticides such as demeton and 
phorate present an analogous situation. However, the oxi­
dative metabolites of organophosphorous insecticides may be 
more toxic than the original insecticides rather than less 
toxic. 
The electrometric method used for analyzing phorate 
residues is based on the anticholinesterase activity of 
phorate and its metabolites. The metabolites are all more 
potent inhibitors of cholinesterase than phorate, progres­
sively increasing in anticholinesterase activity from 
phorate through the final known oxidative metabolite in the 
series. However, the toxicity to insects of phorate and 
its metabolites does not follow the same order. Because 
phorate and all of its metabolites may occur in plant tis­
sue at the same time and the proportion of each is not 
known, measurement of the anticholinesterase activity prob­
ably is not a true index of the toxicity of the residues. 
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In many quantitative bioassay procedures it is neces­
sary to have the residues in an organic solvent. For exam­
ple, in the housefly bioassay procedure of JDahm and 
Pankaskie (194-9), the solvent is evaporated in a wide-mouth 
quart jar leaving a film of the desired residues on the 
inner surface. The flies are then placed in the jar where 
they come into contact with the residues. 
Strawberries 
Experiment 8 An experiment was conducted on 
phorate-treated strawberries (1) to develop a method for 
obtaining an extract suitable for both housefly bioassay and 
electrometric analysis, (2) to test the efficiency of this 
extract by comparing the anticholinesterase activity with 
that of the water extract usually employed in electrometric 
analyses and (3) to observe further the localization of 
phorate residues within strawberry plants. 
Phorate was applied to potted strawberry plants in the 
greenhouse. The plants were obtained from the field by in­
serting 6 inch pots containing a suitable soil mixture be­
tween rows of propagating plants and placing a new plant, 
forming at the node of an active runner, on the surface of 
each pot. In the fall the pots were lifted, placed in a 
cold frame until spring, then brought into the greenhouse 
and placed on greenhouse benches filled with pea gravel 
overlaid with 0.25 inch wire screening. 
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Table 6. Sates of phorate applied to strawberries and 
sampling dates, Experiment 8. 
Rate actual phorate 
per 100 gallons, 
200 ml/6 inch pot 
lo. 
of 
plants 
Days after application 
samples collected 
Untreated 132 
0.5 oz. 132 2,9,16,26,30,36,48,55,69,78, 
91,99 
2.0 oz. 132 2,8,16,30,36,48,55,69,78,91, 
99 
On each date of sampling the foliage of 10 plants per 
treatment was collected according to a randomized sampling 
order and chopped in a Hobart food chopper. Forty gram 
subsamples were removed and analyzed electrometrically by 
method A, page 21. Also, 99 days after application a sample 
of the runners was collected and analyzed. On the 7th and 
19th day after application fruit samples were removed and 
analyzed. 
For each sample of strawberry foliage collected in 
which both water and chloroform extractions were made the 
following procedure was used: 
A. Water extraction of phorate residues from strawberry 
foliage. 
1. A foliage sample was collected and chopped in the 
Hobart food chopper. 
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2. A 50 g subsample was removed, placed in a Waring 
Blendor and macerated with 200 ml distilled water 
for about 2 minutes. 
3. The plant brei was filtered through 3 thicknesses 
of double layer cheesecloth and the insoluble plant 
materials discarded. 
4. The filtrate was adjusted to pH 7.35 with 1 Uormal 
NaOH. 
5. Aliquots for electrometric analysis were removed and 
placed in 50 ml volumetric flasks as in method A, 
page 21. The flasks were then placed in a refriger­
ator. 
B. Chloroform extraction of phorate residues from the water 
extract. 
6. The volume of the filtrate remaining was measured, 
recorded and placed in a 500 ml separatory funnel. 
7. An equal volume of redistilled chloroform was added 
and the funnel rocked 30 times. 
8. The chloroform phase was drained into a beaker and 
the water phase washed with 15 ml aliquots of chlo­
roform until plant pigments were removed. Two 
washes were usually sufficient. 
9. The resulting chloroform extract was passed through 
a Buchner funnel to break the emulsion formed during 
shaking. The contents of the funnel were washed 2 
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or 3 times with 15 ml aliquots of chloroform. 
10. The chloroform extract was replaced into the sepa-
ratory funnel and the chloroform phase separated 
from the water. 
11. The volume of chloroform was made equal to that 
recorded in step 6 by evaporating on a steam bath 
at 60°C under a continuous flow of air. 
12. Aliquots were removed and placed in 50 ml volumet­
ric flasks for electrometric analysis. The size of 
each aliquot was the same as that removed in step 5. 
Direct chloroform extraction of phorate residues from 
strawberry foliage. (Modification of method of Bowman 
and Casida (1957). 
13. A seccroA 50 g subsample was removed from the origi­
nal sample, chopped in a Hobart food chopper, and 
macerated with 200 ml redistilled chloroform in a 
Waring Blendor for 2 minutes. 
14. The plant brei was filtered through cheesecloth and 
the insoluble plant materials discarded. 
15. The volume of the filtrate was measured, recorded, 
and placed in a 500 ml separatory funnel. 
16. The chloroform extract was then salted out with 50 
ml saturated sodium chloride solution. 
17. Chloroform, the lower phase, was drained and passed 
through a column of anhydrous sodium sulfate. The 
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column was washed with chloroform until all plant 
pigments were removed, about 3 washings with 15 ml 
aliquots. 
18. The extract was passed through a Buchner funnel and 
the funnel washed thoroughly with chloroform. 
19. The volume was then made equal to that of step 15» 
by evaporating or adding chloroform. 
20. A large aliquot was removed and placed in a glass 
stoppered graduated cylinder for subsequent elec­
trometric analysis. 
21. Fifty milliliters of the remaining extract were 
removed and passed through a column of charcoal-
celite mixture (1 part carbon Darco G—60 to 3 parts 
celite, Johns-Hanville #54-5) to remove plant pig­
ments and the column washed thoroughly with chlo­
roform. 
22. The volume was made to 50 ml by evaporating on 
steam bath at 60°C under a continuous flow of air. 
23. An aliquot was removed and placed in a glass stop­
pered graduated cylinder for subsequent electro­
metric analysis. 
After the water extract and the chloroform extraction 
of the water extract had been prepared, electrometric anal­
ysis of these extracts was conducted. In the case of the 
chloroform extract, the aliquots in the 50 ml volumetric 
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flasks were evaporated to dryness on a steam bath. One 
milliliter of 95 percent ethyl alcohol was then added to re-
dissolve the phorate residues and plant pigments. Blood 
plasma was added to the flasks and the analysis conducted as 
described in method A, page 21, beginning with step 7. 
The direct chloroform extraction of phorate residues 
from strawberry foliage was completed during incubation 
periods in the analysis of the 2 preceding extracts and fol­
lowing completion of the analysis. The resulting extract 
was stored in a glass-stoppered graduated cylinder on the 
laboratory bench and electrometric analysis conducted within 
the next 2 days. When this analysis was run, aliquots were 
removed from the glass stoppered graduated cylinder, placed 
in 50 ml volumetric flasks, evaporated to dryness, and re-
dissolved with 1 ml of 95 percent alcohol. Blood plasma was 
added to the flasks and the procedure continued as described 
in method A, page 21, beginning with step 7. 
For each sampling date, the anticholinesterase activity 
of phorate residues in leaves of strawberry plants was de­
termined for the following: 
1. Water extract. 
2. Chloroform extract, prepared by washing the water 
extract with chloroform. 
3. Direct chloroform extract of foliage, before de­
colorizing. 
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4. Direct chloroform extract of foliage, after de­
colorizing. 
Results of these analyses are presented in Figures 8 and 9 
and Appendix Table 15. 
The direct chloroform extraction of phorate residues 
from strawberry foliage was as efficient or, as indicated 
in Figure 8, even more efficient than extraction with water. 
Decolorization of the extract, performed by passing the ex­
tract through a column of a charcoal-celite mixture, removed 
some of the residues; but recovery in each of the last 5 
assays was consistently greater than 85 percent. In the 
first several assays, the procedure was not well standard­
ized and more variation occurred than among the last sev­
eral assays. 
Chloroform extraction of residues from the water ex­
tract was not as efficient or as consistent as was desired. 
Recovery of residues, as determined by comparing the anti­
cholinesterase activity of the water extract with the activ­
ity in the chloroform extraction of the water extract, 
varied considerably, from 50 to 98 percent. 
A quantitative method of assaying the chloroform ex­
tract biologically was not developed. However, the chloro­
form extract, prepared by extracting phorate residues di­
rectly from strawberry foliage and passing the extract 
through a decolorization column, is suggested for trial as 
Figure 8. Residues in strawberry foliage following soil drench, application 
of 0.5 ounces actual phorate per 100 gallons, 200 ml per 6 inch 
pot. Experiment 8. 
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a suitable preparation for both the electrometric analysis 
and a quantitative biological assay. 
In connection with this experiment, 2 samples of fruit 
and 1 of runners were collected and analyzed electrometrie-
ally by method A, page 21. 
Table 7. Parts per million phorate equivalent in straw­
berry fruit and runners. Experiment 8. 
Rate actual phorate 
per 100 gallons, 
Days after Tissue 200 ml/6 inch pot 
application analyzed 0.5 oz, 2.0 oz. 
7 Fruit: green 21 48 
medium ripe 21 30 
ripe 16 24 
19 Fruit: green 18 74 
ripe trace 39 
99 Runners 89 230 
Again it was apparent that cholinesterase inhibiting 
residues were not present to as great an extent in the re­
productive structures as in vegetative structures. Much 
less anticholinesterase activity was detected in the fruit 
than in the leaves of the same plants. Residue values for 
leaf tissue 7 days after application were about 600 and 750 
and at 19 days after application about 1650 and 2750 ppm 
phorate equivalent for the 0.5 oz. and 2.0 oz. rates, 
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respectively. 
It is also interesting to note that residues were 
higher in green fruit than ripe fruit. 
The sample of runners analyzed indicated that residues 
were translocated through the runners. However, more analy­
ses would "be necessary to confirm this. 
Biological Analyses of Phorate Residues 
Toxicity to mites 
Evaluations were made of the toxicity to two-spotted 
spider mites, Tetranvchus telarius (1.), of phorate residues 
resulting from soil drenches of phorate in 2 experiments on 
chrysanthemums and 2 experiments on carnations. 
Ghry s anthemums 
Experiment 9 The mites were used in 2 tests in 
conjunction with experiment 4-, previously described under 
Electrometric Analyses of Phorate Residues, page 39. A cul­
ture of mites was maintained in the Insectary greenhouse on 
the foliage of snap beans. 
In the first test a bean leaf infested with mites was 
placed on 1 leaf of 1 plant per treatment in each of 20 
blocks. The leaf petiole was encircled with tanglefoot to 
prevent escape of the mites. Records of whether mites were 
living or dead were taken in 11 sets of observations on 5 
randomly selected blocks between 15 and 37 days after 
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application. 
Living mites were present on each date observations 
were made. 
In the second test bean leaves infested with two-
spotted mites were placed on 4 leaves of 1 plant per treat­
ment in each of 6 blocks. A band of tanglefoot was applied 
around the petiole of each leaf to prevent migration of the 
mites. One leaf was removed from each treatment in 3 blocks 
on each of 7 sampling dates. Records of the numbers of ac­
tive forms, nymphs and adults, were taken from two 12 mm 
square areas per leaf with the aid of a binocular micro­
scope. A cardboard frame, 3.8 x 3.2 cm, from which two 12 
mm square areas had been removed, was fastened on a metal 
clip and clamped on the under surface of each leaf as counts 
were taken. 
Results are presented in Figure 10 and Appendix Table 
16. 
Experiment 10 A second experiment was designed 
to further evaluate the effect of low rates of phorate ap­
plied as a soil drench to plants bearing an established in­
festation of two-spotted mites and to determine the period 
of time necessary before initial kill of mites occurred. 
Thirty-six plants, which had developed from root 
sprouts of older plants, were graded into 3 groups of 12 
plants each on the basis of the severity of mite damage. 
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Group À included plants showing the greatest damage, group B 
included plants showing intermediate damage, and group C in­
cluded plants showing the least damage. Phorate was applied 
at 0.5 oz. per 100 gallons to 4 plants of each group, 2.0 
oz. to 4 plants in each group and the remaining 4 plants in 
each group were left as an untreated check. Two hundred 
milliliters of the appropriate dilution were applied to each 
6 inch pot. 
At 1, 4, 8, 15, 21, 25, 30 and 36 days after applica­
tion 1 leaf was removed from each plant. The active forms, 
nymphs and adults, were counted in two 12 mm square areas on 
the lower surface of each leaf as described in the previous 
experiment. 
Results are presented in Figure 11 and Appendix Table 
17. 
Soil applications of phorate at rates of 0.5 and 2 oz. 
per 100 gallons applied to chrysanthemums never produced 
residues of the magnitude necessary for 100 percent control 
of two-spotted spider mites. However, some toxic effect was 
evident, Figures 10 and 11. The numbers of mites were con­
sistently less on treated plants exposed to a soil drench 
than on untreated plants, Figure 10. Residues in plants 
exposed to a soil drench and then transplanted never reached 
levels toxic to mites. 
Residues were slow to reach levels toxic to mites, 
Figure 10. Two-spotted spider mite infestation of chrys­
anthemum foliage. Experiment 9» 
Figure 11. Two-spotted spider mite infestation of chrys 
anthemum foliage. Experiment 10. 
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Figure 11. Fisher's t-test of variance (see Appendix Table 
18), applied to the transformed data (VX + 0.5) for each day 
after application, did not indicate a significant difference 
among treatments until 30 days after application. At this 
time a significant difference was detected at the 1 percent 
level of probability. Significant differences were not 
present at 36 days after the application. 
That residues of phorate toxic to mites at rates of 0.5 
and 2 oz. per 100 gallons do not accumulate rapidly in 
chrysanthemum foliage is also evident in the data repre­
sented in Figure 10. It appeared that at the 0.5 oz. rate 
of application, kill of mites began about the 29th day and 
increased until 35 days, declining thereafter. Kill of 
mites on plants treated with 2 oz. continued until 44 days 
after application after which time the population again 
started to increase. 
Analyses of variance (Appendix Table 19) of the data, 
transformed by VX + 0.5, indicated no significant difference 
among treatments except at 36 days after application when 
significance at the 5 percent level of probability was dem­
onstrated. 
Residues in plants, as determined electrometrically, at 
44 days after application approximated 1500 ppm prorate 
equivalent. This indicated that levels of cholinesterase 
inhibiting residues greater than 1500 ppm phorate equivalent 
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were needed to kill two-spotted mites. 
Carnations Phorate soil drenches were applied to 
carnations in 2 experiments to evaluate toxicity to two-
spotted spider mites. 
Experiment 11 Phorate was applied as a soil 
drench to "blooming carnations of the variety Citation grow­
ing in greenhouse benches in the Estherville Greenhouses, 
Estherville, Iowa. 
Each treatment was applied to 5 rows of 6 plants each 
across the bench. The treatments, replicated twice, in­
cluded an untreated check, 0.5 oz. actual phorate per 100 
gallons and 2.0 oz. per 100 gallons. The quantity of dilu­
tion applied to each treatment was based on the amount nec­
essary to thoroughly wet the soil in a 6 inch pot. From 
this, it was calculated that 2.4 gallons were necessary to 
thoroughly wet the soil of the section of bench, 42" x 24" x 
5" deep, used for each treatment. Metal dividers, 1.5" 
high, were inserted between treatments as applications were 
made to retain the dilution until it had soaked into the 
soil. 
Counts of active forms, nymphs and adults were taken 
6, 14, 20 and 27 days after application. At each count 1 
leaf was removed from each plant in every row and the mites 
brushed onto circular glass discs with a Henderson-McBurnie 
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mite-brushing machine. A separate disc was used for each 
row of plants. 
The numbers of mites counted on each disc are recorded 
in Appendix Table 20 and summarized in Table 8. 
Table 8. Mites from 1 leaf from each of % carnation 
plants. Experiment 11. 
Days after 
application 
Rate actual phorate 
per 100 gallons 
200 ml per 6 inch pot 
Untreated 0.5 >z, 2.0 oz. 
6 79 104 86 
14 118 45 111 
20 264 242 242 
27 226 226 578 
It was apparent from these data that mites were not 
killed by residues resulting from applications of either the 
0.5 or 2 oz. rate of application. 
Experiment 12 Since no control was observed 
at rates of 0.5 or 2.0 oz. phorate per 100 gallons, an ex­
periment was designed to test the toxicity to mites of 
phorate applied at 2 higher rates of application, 4 and 8 
oz. per 100 gallons to potted carnations in the Insectary 
greenhouse. 
The potting medium consisted of 5 parts Webster clay 
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loam, 3 parts sand, and 2 parts peat. Two hundred milli­
liters of the appropriate dilution was applied to each 6 
inch pot. The plants were obtained from the Estherville 
Greenhouses, Estherville, Iowa. 
Plants were arranged in 30 rows of 6 plants each. Each 
treatment consisted of 2 consecutive rows and was replicated 
5 times in a randomized block design. At 4, 13, 24- and 32 
days after application 1 terminal leaf and 1 basal leaf was 
removed from each plant in every treatment and brushed onto 
glass discs with a Henderson-McBurnie mite-brushing machine. 
Counts of active forms, nymphs and adults were taken from 
top and bottom leaves. A grid, consisting of alternate dark 
and light 9 mm square areas, was placed below the glass 
disc. Counts were taken only on the dark squares. 
Results are presented in Table 9 and Appendix Table 21. 
The accumulation of residues to levels toxic to mites 
took place slowly. A difference among treatment significant 
at 5 percent probability was not detected until 32 days 
after application (Appendix Table 22). At this time toxic 
residues in leaves of plants treated at 8 oz. phorate per 
100 gallons were toxic enough to cause a significant reduc­
tion in the number of mites, but toxic residues in leaves of 
plants treated at 4 oz. phorate per 100 gallons were not 
sufficient to show a significant reduction. 
A significant difference was noted between numbers of 
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Table 9» Mites from 1 leaf from each, of 60 carnation 
plants. Experiment 12. 
Bate actual phorate 
Days after per 100 gallons Top Bottom 
application 200 ml per 6 inch pot leaves leaves Sum 
4 Untreated 239 412 651 
4 oz. 227 397 624 
8 oz. 141 414 555 
13 Untreated 392 269 661 
4 oz. 392 213 605 
8 oz. 337 431 768 
24 Untreated 285 259 544 
4 oz. 210 236 446 
8 oz. 132 208 340 
32 Untreated 101 153 254 
4 oz. 82 164 246 
8 oz. 59 110 169 
mites on top and bottom leaves, at 4- and 32 days after ap­
plication, but the localization of mites was not influenced 
by treatments. This implies that any difference in the 
localization of residues in the plant which may have oc­
curred was not great enough to produce detectable differen­
tial kill of mites in the 2 areas. 
It does not appear that phorate is taken up and resi­
dues accumulated by carnation plants as efficiently as by 
chrysanthemums. A rate of 8 oz. phorate per 100 gallons was 
necessary to show a significant reduction in numbers of 
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mites on carnations, whereas the same effect was obtained 
with 2 oz. phorate per 100 gallons on chrysanthemums. 
No phytotoxic symptoms were observed on any of the 
treated plants. 
Toxicity to aphids 
Chrysanthemums Melon aphids were used in 3 experi­
ments on phorate-treated chrysanthemum plants to determine 
(1) the effectiveness of phorate in controlling infestations 
of melon aphids, (2) the minimum level of phorate residues 
in plants, as measured electrometrieally, necessary to kill 
melon aphids and 13) if a correlation exists between residue 
values, measured electrometrically, and kill of melon 
aphids. 
Experiment 13 One of the objectives of this 
preliminary experiment was to develop a method of measuring 
the toxicity of phorate residues in situ to aphids permitted 
access to the leaves of treated plants. 
Rates of application for the first aphid experiment are 
described in experiment 3, page 36. 
A small cage was constructed to confine a known number 
of aphids to the leaf surface » The cage consisted of a sec­
tion of glass tubing 18 mm in diameter by 10 mm high, cov­
ered on 1 end by bolting silk and held in place on the leaf 
by a metal clip. A ring of fine foam rubber was glued to 
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the lower edge of the glass cage to fill in gaps in the con­
tour of the leaf surface and help prevent aphids from escap­
ing. A piece of cardboard, about 3.5 cm x 3.5 cm, was at­
tached to the lower extension of the clamp to provide a 
broad base on the opposite side of the leaf from the cage. 
Fifteen apterous melon aphids were transferred from a 
culture of melon aphids maintained on chrysanthemum foliage 
and placed in each cage and exposed to the leaf surface of 
experimental plants. Counts of living and dead aphids were 
taken after 2 or 3 day exposure periods. 
In early tests the number of plants used and number of 
cages on each plant were varied. Data are presented in 
Appendix Table 23 and summarized in Table 10. 
Table 10. Percent kill of melon aphids. Experiment 13. 
Days Days 
after aphids 
appli- exposed 
cation to leaf 
2.0 oz. act. phorate 
per 100 gallons, 
200 ml per 6 inch not 
Trans- Hot trans-
Untreated planted planted 
4 
6 
8 
11 
13 
16 
18 
22 
27 
2 
2 
3 
2 
3 
2 
2 
3 
3 
3 
4 
11 
14 
12 
0 
5 
31 
22 
31 
51 
55 
28 
51 
20 
26 
39 
51 
74 
85 
100 
97 
63 
78 
93 
97 
81 
A differential response by aphids to residues in trans­
planted plants and plants left undisturbed after treatment 
can be observed in the data. Consistently higher percent 
kill was effected by residues in the undisturbed plants than 
by residues in transplanted plants. This agrees with the 
levels of residues present, as determined electronictrically, 
in the same 2 treatments shown in Table 2. 
It was expected that residues in transplanted plants 
would fall rapidly to low levels. In order to be able to 
detect aphid kill at these levels, a long exposure period 
would be necessary. When counts were made after exposing 
aphids to leaves for 3 days, percent kill was higher than 
when counts were taken after a 2 day exposure period. Be­
cause of this, it was decided to use a 3 day exposure in 
subsequent aphid assays. 
Experiment 14- An experiment was conducted to 
accompany experiment 4- described under the section, Elec-
trometric Analyses of Phorate Residues. Details are pre­
sented in Table 3# page 4-0. 
Toxicity of residues to aphids was evaluated in 2 se­
ries of assays. In the first series 1 cage, containing 15 
melon aphids, was attached to 1 leaf on each of 4 plants 
per treatment. The cages used are described in the preced­
ing aphid experiment. Leaves to be used were selected from 
the middle portion of each plant. The plants were selected 
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at random for each assay from the first plant in each of 20 
rows in each treatment. A separate assay was started on 
each of 4, 7, 9$ 14, 18, 21, 25, 28, 45, and 50 days after 
application. Counts were made of dead aphids and the total 
number remaining in the cage after 3 days exposure except 
in the first assay when a 2 day count was taken. 
Results of the first series of aphid tests are pre­
sented in Figure 12 and Appendix Table 24. 
The kill of aphids was roughly correlated with levels 
of cholinesterase inhibiting residues, Figure 12 and Appen­
dix Table 13. A statistical analysis of the data, grouping 
all treatments except the treatment in which phorate was 
applied at 2 oz. and the plants left undisturbed, showed a 
positive correlation at 1 percent probability between ppm 
values and percent kill of aphids. Treatments which showed 
a low level of residues, measured electrometrically, also 
gave a low percentage kill of aphids. However, when a 
correlation analysis was run separately for each treatment 
for the duration of the experiment, correlation was not 
exhibited at the 5 percent level in any of the treatments. 
Results, recorded in Appendix Table 24, show up to 18 
percent kill on untreated plants. It was considered that 
the number of aphids placed in each cage was too large and 
that overcrowding was a factor in producing this kill. 
The last 2 assays shown on Figure 12 were conducted at 
Figure 12. Mortality of melon aphids on chrysanthemum foliage following 
soil drench applications of phorate. Experiment 14-. 
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a time when it was expected that, in plants treated with 0.5 
02. phorate and then repotted, toxic residues were falling 
to levels approaching the minimum required for aphid kill. 
The last assay, 50 days after application, indicated that 
this was the case since no kill was observed on these 
plants. At 50 days after application, Figure 6, about 25 
ppm phorate equivalent were present on the basis of elec-
trometric analyses. From this, it appeared that the minimum 
level of cholinesterase inhibiting phorate residues neces­
sary for kill of melon aphids was about 25 ppm phorate 
equivalent. 
The variation encountered among results of subsequent 
aphid assays was quite large, Figure 12. Because of this, 
it was considered that this method of biologically evaluat­
ing residues was not sensitive enough nor accurate enough to 
yield the type of data necessary for a critical study of the 
correlation between ppm values and percent kill of aphids. 
Experiment 15 In a series of aphid tests con­
ducted to obtain an estimate of the minimum level of cholin-
esterase inhibiting residues necessary for aphid kill, a 
known number of apterous aphids were placed directly on a 
single leaf of each treatment in each of 4 replicates. A 
band of tanglefoot was applied around the petiole of each 
leaf to prevent aphids from migrating. Daily counts of liv­
ing aphids were taken. When all aphids were dead, a new 
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infestation was introduced. 
Three assays were conducted, 1 starting 11 days, one 
23 days, and the third 35 days after application. Ten 
aphids were placed on each leaf in the first assay and 15 on 
each leaf in the second and third assays. 
Results are presented in Appendix Table 25 and graphic­
ally in Figure 13. 
The first 2 assays demonstrate that residue levels were 
falling, but not to the extent that they were nontoxic to 
aphids. However, at 45 days after application, when the 
last count was taken, a level had been reached which approx­
imated the minimum necessary for aphid kill. At observa­
tions of the aphids present after this time, it was noted 
that the population of aphids was increasing in numbers. 
The level of cholinesterase inhibiting residues pres­
ent at this time, 4-5 days after application as determined 
e1ectrometrically, Figure 6, was about 38 ppm phorate equiv­
alent. This value agrees quite closely with the value of 
25 ppm phorate equivalent arrived at in the preceding series 
of assays. 
Although the method of aphid assays used in preceding 
experiments gave a gross indication of changes in residue 
levels, certain defects in the method were detected. The 
major drawback with this type of assay is that the length 
of the period of exposure of aphids to the leaf was pre-
ligure 13. Mortality of melon aphids on chrysanthemum foliage following 
soil drench applications of phorate. Experiment 15. 
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determined and could not be adjusted to compensate for in­
creasing or decreasing kill of aphids. Thus, as in the re­
sults of aphid kill resulting from undisturbed plants 
treated with 2 oz. phorate per 100 gallons, Figure 12, kill 
approximating 100 percent was obtained during the greatest 
part of the experiment. After kill of aphids had reached 
this level, further indication of the rising or falling of 
toxic residues in these plants is not feasible since these 
changes would be occurring above a level already producing 
95 to 100 percent kill. 
It was then apparent that a different method of evalu­
ating toxic residues should be developed that would permit 
the adjustment of the length of the exposure period to 
accommodate the rising or falling of toxic residues as 
indicated by kill of melon aphids. As a result, a more 
refined method was devised. 
Experiment 16 A known number of melon aphids 
were placed in cages on chrysanthemum leaves and the num­
bers dead and living counted at intervals of time until 3 
or 4 values had been obtained between 20 and 80 percent 
kill. Values of percent kill were plotted against log time 
in hours and a straight line drawn by eye to fit these 
points. The time needed to kill 50 percent of the aphids, 
here termed the T50 value, could then be read directly from 
this time-mortality curve. 
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The cage used was similar to that used in the preced­
ing aphid experiments but was modified in 3 respects. 
1. A removable top was added to permit observation of the 
aphids in the cage without removing the cage from the leaf. 
2. A small square sheet of 28 gauge aluminum was used as 
a base on the opposite side of the leaf from the cage in 
place of cardboard. 3« A ring of white velvet was glued 
on the bottom edge of the glass cage in place of the foam 
rubber. The removable top was made by punching the center 
out of metal discs, 20 mm in diameter, and glueing bolting 
silk to the metal ring remaining. The metal discs were the 
backs or basal portions of forms used in fabric-covered 
buttons. When the middle area was punched out, the ring fit 
loosely in the top of the glass cage. A flange prevented 
the disc from slipping into the cage. These caps were held 
tightly in place by soldering a section of bobby pin onto 
the base of the metal clamp and bending it to lie flatly 
over the top applying downward pressure. The modified cage 
is pictured in Figures 14- and 15. 
Preliminary trials were made on plants treated with 8 
or 12 oz. actual phorate per 100 gallons to test the pro­
posed method as to consistency and reproducibility of re­
sults. Five apterous melon aphids obtained from a culture 
maintained on Easter lily plants were placed in each cage 
and the cages fastened on the upper leaf surface. Up to ten 
Figure 14. Gage used to confine melon aphids on chrysan­
themum leaves. 
Figure 15. Gages in place on chrysanthemum leaves. 
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cages were used on a single plant to obtain a rough estima­
tion of the variance among cages that would be encountered. 
A summary of the results obtained in several prelimi­
nary runs is presented in Appendix Table 26 and 6 of the 
assays extracted are shown graphically in Figure 16. 
The data gathered in these preliminary trials, Figure 
16, do not show large differences between curves obtained 
where 5 aphids per cage were used and curves where 10 aphids 
per cage were used. However, it was easier and quicker to 
separate living and dead aphids and make the counts when 5 
aphids were present in each cage. 
The time-mortality curves, Figure 15, show a definite 
sigmoidal shape. The linear portion appears to lie between 
roughly 20 and 80 percent kill. This response curve is in 
concordance with the shape of dosage-mortality curves 
(Bliss, 1954) well known in biological assay procedures. 
The shape of the curve also agrees with that of time-mortal­
ity curves calculated by Bliss (1937). 
The last part of this experiment was conducted in con­
junction with the fifth experiment described under experi­
ment 5, Electrometric Analyses of Phorate Residues, on page 
44. It was designed to test the relationship of aphid kill 
with residue values determined electrometrically. Two cages 
containing 5 aphids each were fastened on the upper leaf 
surface of each of 5 plants per treatment (1 plant from each 
Figure 16. Sample time-mortality curves of melon aphicla on chrysanthemum 
foliage following soil drench applications of phorate. 
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of 5 replicates). The 5 replicates to be used were assigned 
by randomly selecting 1 of the first 4 replicates as a 
starting point and then using every fourth replicate of the 
20 used in the experiment. By this method the first plant 
of each treatment in replicates IV, VIII, XII, XVI and XX 
was selected and used in each aphid test conducted in con­
junction with this experiment with the exception of the last 
test. At the time of the last assay, the plants originally 
selected were so severely damaged by mites and repeated 
handling it was believed that an accurate estimate of toxic 
residues was not being obtained. For the last test, plants 
were selected that did not exhibit symptoms of mite damage. 
In each test 5 apterous aphids from a culture on 
Easter lily plants were transferred with a camel's hair 
brush into each cage, which previously had been clamped on 
the leaf. Last instar nymphs falling into the color cate­
gories of citron yellow or pale greenish-yellow (Wall, 
1933) were used. The starting time was recorded when aphids 
had been placed in half the number of cages used in the 
assay. 
Counts of dead and living aphids were taken at inter­
vals. The length of the intervals was estimated from inter­
vals in the previous assay and from the kill observed in 
early counts of the current assay. At each count aphids 
were considered dead if they did not move after being 
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touched with a camel's hair "brush. 
After each run was completed, values of percent kill 
were plotted against long time for each treatment. A 
straight line was fitted by eye to the plotted points. By 
reading over from 50 percent kill on the ordinate to inter­
ception with the curve and then down to the abscissa, the 
time necessary for 50 percent kill, the T50 value, was de­
termined. 
A definite fumigant effect was noted in the first 2 
assays since an appreciable kill was observed in the un­
treated controls. Percent kill on the treated plants was 
corrected for kill in the controls by applying Abbott's 
formula (Abbott, 1925). In subsequent runs kill in the 
controls was negligible and no correction factor was ap­
plied. 
Results of each analysis are presented in Appendix 
Table 27. T50 values calculated from these data are pre­
sented in Appendix Table 28. In Figures 17 and 18 the data 
are shown graphically in comparison with residue values de­
termined electrometrically. 
For the first 6 to 10 days between kill of aphids and 
grams of tissue needed for 50 percent inhibition, Figures 
17 and 18, a great difference was noted. During this peri­
od, residue levels, determined electrometrically, were very 
low; but relatively high kill of aphids occurred. 
Figure 17. Residues in chrysanthemum foliage and mortality 
of aphids following soil drench application of 
0.25 ounces actual phorate per 100 gallons, 200 
ml per 6 inch pot. Experiment 16. 
figure 18. Residues in chrysanthemum foliage and mortality 
of aphids following soil drench application of 
2.0 ounches actual phorate per 100 gallons, 200 
ml per 6 inch pot. Experiment 16. 
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It is known that phorate per se is a relatively poor 
inhibitor of cholinesterase as compared to the oxidative 
metabolites. On the other hand, phorate per se is highly 
toxic to insects as compared with the oxidative metabolites. 
Phorate is much more toxic to houseflies than compounds I, 
II, and 17 in its oxidative series. It is equal in toxicity 
to compound 7 and slightly less toxic than compound III 
(Bowman and Casida, 1958). 
It has also been demonstrated that phorate per se is 
taken up by plants and persists as such for varying periods 
of time before being destroyed by oxidation. Phorate ap­
plied to the base of cotton plants was detected in its orig­
inal form up to 3 days after application, after which time 
only the oxidative metabolites were present (Metcalf et al., 
1957). Following soil application to vegetable crops, 
phorate per se was detected in small amounts 17 and 32 days 
after application (Bowman and Casida, 1957). 
It is possible that the low anticholinesterase activ­
ity in plants 6 to 10 days after application results from 
phorate per se which may be the predominant compound pres­
ent before extensive oxidation had occurred. Because of 
the high toxicity to aphids of phorate per se relative to 
its anticholinesterase activity, the greater proportion of 
phorate present during this period would be expected to 
produce greater kill of aphids relative to the level of 
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residues indicated by electrometric analysis « This would 
explain the great difference between values obtained elec­
tronic trically and values obtained by aphid assays. 
This hypothesis may also explain the discrepancy be­
tween the value of 200 ppm phorate equivalent necessary for 
kill of two-spotted mites determined by Schulz (1957) and 
the estimate of 1500 ppm phorate equivalent indicated in 
the present investigation. 
The value reported by Schulz was obtained by comparing 
the ppm phorate equivalent analyzed 11 days after applica­
tion of a foliage spray with the termination of mite kill 
which occurred 11 days after application. It is likely that 
phorate per se was present at this time, thus exhibiting a 
low anticholinesterase activity relative to kill of mites. 
The conservative estimate of 1500 ppm phorate equiv­
alent suggested by results of these investigations was de­
termined 44 days after application from plants treated with 
a soil application. At this time it is probable that a mix­
ture of potent anticholinesterase metabolites was present 
and only a very small amount, if any, of phorate per se. 
On examination of the 2 curves in each of Figures 17 
and 18 beyond the first 10 day period, it is evident that 
the shape of the curves is similar. Correlation analysis 
of the data beyond the first 10 day period showed a positive 
correlation for only the 0.25 oz. rate at 5 percent 
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probability. between ppm values determined electrometrieally 
and T50 values obtained from aphid assays (Appendix Table 
29). Lack of correlation in the 2.0 oz. rate may be due to 
further fluctuations in the proportions of phorate and meta­
bolites affecting the toxicity-cholinesterase inhibition 
relationship. This is indicated between 20 and 28 days 
after application, Figure 18, where the time needed for 50 
percent kill of aphids increased out of proportion to the 
grams needed for 50 percent inhibition. 
In order to test further the minimum threshold of resi­
dues necessary for kill of melon aphids, electrometric anal­
yses by method A, page 21, were made at times when aphid 
kill was negligible on plants treated with 2 oz. phorate per 
100 gallons and then repotted to phorate-free soil and un­
disturbed plants treated with 0.25 oz. phorate. The analy­
ses were made at 25 days after application for the first 
treatment and at 39 days for the second. Parts per million 
values obtained were 155 and 102, respectively. 
These values are somewhat higher than the estimates of 
25 and 38 ppm obtained in an earlier experiment but help to 
demonstrate the high susceptability of melon aphids to 
phorate residue. In comparison, two-spotted mites are much 
more resistant to kill by phorate residues. Residues ex­
ceeding 1500 ppm phorate equivalent were necessary for kill 
of mites (Toxicity to mites, experiment 9)• 
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Another comparison of susceptibility among insects to 
phorate seems appropriate. As indicated by T50 values cal­
culated from the data in Appendix Tables 26 and 27, melon 
aphids are also more susceptible to kill by phorate residues 
than are leaf curl plum aphids, Aphis helichrysi. On plants 
treated with 8 oz. phorate per 100 gallons, assay number 4 
in Appendix Table 26, 14 hours were necessary for 50 percent 
kill of A. helichrysi. but only 10.5 hours were necessary 
for 5 percent kill of melon aphids. 
During the course of this experiment, an infestation of 
the leaf curl plum aphid became established in the green­
house. These aphids tended to feed largely on newly emerg­
ing leaves and the stem at the apex of the plant but also 
fed extensively on the lower leaves as the population in­
creased in number. At the time these aphids were first 
noticed, residues were not of the magnitude necessary for 
kill of these aphids on plants treated with 0.25 oz. or 2.0 
oz. and then transplanted or on undisturbed plants treated 
with 0.25 oz. phorate. Residues in the lower leaves of un­
disturbed plants treated with 2.0 oz. phorate were great 
enough to kill aphids feeding there. However, it was ob­
served that these aphids were not affected by residues in 
the stem and newly emerging leaves constituting the upper 1 
inch of the plant. On this basis it appeared that trans­
location of phorate residues to new growth did not occur 
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rapidly enough or in amounts sufficient to kill aphids feed­
ing there. This evidence was substantiated by the differ­
ence in residue levels, measured electrometrically, between 
leaves on the lower part of the stem and new growth on the 
terminal 1 inch of the plant. In 2 analyses, 4.25 g and 
1.27 g tissue from the terminal 1 inch of the plant were 
needed for 50 percent inhibition, whereas only 0.38 g and 
0.25 g of tissue from leaves on a lower part of the stem 
were needed. These analyses are described previously in 
connection with the fifth chrysanthemum experiment in the 
section on water extractions. 
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SUÎ-ÏÏ-IÂRI OF RESULTS 
Results of evaluating the persistence and toxicity, and 
search for evidences of localization of phorate residues in 
selected plants are summarized as follows : 
1. Cholinesterase inhibiting residues in chrysanthemum 
foliage following the application of phorate at 2.0 oz. per 
100 gallons sufficient to wet the root zone, persisted at 
approximately 1000 ppm phorate equivalent for 141 days after 
application. Residues from the 0.5 oz. rate were present at 
about 245 ppm phorate equivalent at 141 days after applica­
tion, and residues from 0.25 oz. phorate per 100 gallons 
were not measurable after 38 days. 
Residues in plants treated with 2.0 oz. phorate and 
then transplanted to phorate-free soil after 24 hours showed 
anticholinesterase activity 58 days after application. 
Under similar treatment residues from a 0.5 oz. rate lasted 
about 47 days. 
2. Peak concentrations of phorate residues generally 
occurred between 14 and 28 days after application. At these 
peaks, residues from a 2.0 oz. rate of application exceeded 
3400 ppm phorate equivalent and about 830 ppm phorate equiv­
alent were attained in plants treated with 0.5 oz. phorate 
per 100 gallons. 
3. Anticholinesterase residues of phorate were concen­
trated to a mueh greater extent in the vegetative structures 
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than in reproductive structures. Values approximating 2704 ; 
224-0, 1938, 1139, and 321 ppm phorate equivalent were meas­
ured for residues in the foliage compared with 57, 83, 91, 
and 53 ppm phorate equivalent in respective terminal inflo­
rescences. Residues of 1783, 940, and 790 ppm phorate 
equivalent found in the leaves of strawberry plants were 
aligned with maximum values of 18, 48, and 21 ppm phorate 
equivalent in strawberry fruit. Higher residue values were 
detected in green fruit than ripe fruit. 
Grams of tissue from leaves of the top 1 inch of grow­
ing chrysanthemum plants required for 50 percent inhibition 
ranged from 4.25 g to 1.27 g while tissues from leaves be­
low this point on the same plants ranged from 0.38 g to 
0.25 g, respectively. The relative toxicity of residues at 
these sites was demonstrated by the presence of leaf-curl 
plum aphids only on the upper 1 inch of treated plants as 
compared with a more uniform distribution on untreated 
plants. 
4. A method of preparing an extract suitable for both 
electrometric analysis of phorate residues in plant tissue 
and quantitative biological assay was explored. A chloro­
form extract, prepared by the maceration of strawberry 
leaves together with chloroform in a Waring blendor followed 
by filtration and decolorization of the filtrate, contained 
concentrations of cholinesterase inhibiting residues equal 
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to or greater than residues in a water extract. 
5. Phytotoxic symptoms were not evident on chrysanthe­
mum plants treated to drench the root zone with 4 oz. actual 
phorate per 100 gallons or less, on strawberries treated 
with 2 oz. or less, nor on carnations treated with 8 oz. or 
less. Phytotoxic symptoms on chrysanthemums did develop on 
plants treated at rates of 6 oz. or greater. 
6. Complete control of mites was not attained but tox­
icity of phorate residues to mites on chrysanthemums was 
demonstrated following soil application at the rate of 2.0 
oz. actual phorate per 100 gallons. At this rate signifi­
cant reduction in numbers of mites did not occur until 30 
days after application and persisted only 14 days. The 
termination of mite kill was associated with a residue lev­
el, measured ele c trome trie ally, of about 1500 ppm phorate 
equivalent present in the foliage at 44 days after applica­
tion. 
Residues resulting from 2.0 oz. phorate per 100 gal­
lons applied to wet the root zone of carnations never 
reached levels toxic to mites. A rate of 8 oz. was needed 
to produce levels toxic to mites; and even at this rate, 
kill of mites was not observed until 32 days after applica­
tion. 
7. Effective control of melon aphids on chrysanthe­
mums was attained up to 32 days after the soil application 
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of 0,25 oz.« phorate per 100 gallons. 
Residues exceeding 155 ppm phorate equivalent, measured 
electrometrieally, were toxic to aphids. 
8. Correlation of kill of aphids with residue values 
obtained electrometrieally was not apparent during the first 
10 day period following application. A closer association 
of aphid kill with residue values was apparent from 10 days 
to 66 days after application. 
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Table 11. Parts per million phorate equivalent in chrysanthemum 
foliage and inflorescences. Experiment 1. 
Rate actual phorate/100 gallons 
200 ml/6 inch pot 
2 oz. 4 oz. 
Days after Top Bottom Inflores- Top Bottom Inflores-
application leaves leaves cences leaves leaves cences 
30 2550a 1700a 0 
34 1339 1386 0 
52 922 1266 0 
56 861 872 60 
66 782 790 986 1215 
98 1232 1658 
99 168 158 
141 196 285 960 1028 
aSee discussion , page 22, paragraph 3» 
Table 12. Parts per million phorate equivalent in chrysanthemum 
foliage. Experiment 2. 
Period of exposure 
Days after before transplanting cn.,,.,,» 
application 6 hours 1 day 3 days exposure 
1 115 391 - 178 
3 245 350 461 451 
5 228 384 434 536 
8 544 476 509 978 
19 280 757 701 1250a 
aSee discussion, page 22, paragraph 3« 
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Table 13. Parts per million phorate equivalent in chrysanthemum 
foliage and inflorescences. Experiment 4. 
Rate actual phorate/100 gallons 
200 ml/6 inch pot 
Tissues Days after Transplanted Not transplanted 
analyzed application 0.5 oz. 2.0 oz. 0.5 oz. 2.0 oz. 
Leaves 1 54 108 58 81 
if 2 75 122 70.6 176 
ti 4 121 255 167 408 
it 7 126 382 340 654 
tt 11 140 483 536 1360 
fi 14 184 1139 790 1938* 
Inflo­
rescences 15 trace 91a trace 91a 
Leaves 18 162 722 833 3315a 
» 21 133 497 715 2596s 
H 25 92 604 432 3440 
ii 28 8la 321 512 2704 
Inflo­
rescences 29 trace 53* trace 57* 
Leaves 33 74 403 506 1351a 
» 36 67 424 768 2240a 
Inflo­
rescences 37 trace trace trace 83a 
Leaves 40 0 235 699 l872a 
n 47 48 92 197 1344s 
ii 58 trace 77 371 1172a 
aScc discussion f page 22, paragraph 3* 
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Table 14. Grams of leaf tissue from phorate-treated chrysanthe­
mums needed for 50 percent cholinesterase inhibition. 
Experiment 5« 
Bate actual phorate/100 gallons. 200 ml/6 inch pot 
Days after Transplanted Hot transplanted 
Application 0.25 oz. 2.0 oz. 0.25 oz. 2.0 oz. 
2 - 3.12 - 4.35 
6 4.50 1.51 5.25 0.87 
10 - 0.97 2.58 0.42 
20 3.45 0.88 0.82 0.17 
24 - 2.29 0.72 0.21 
27 - 3.58 1.21 0.15 
31 - 3.10 1.45 0.16 
34 - 6.00 2.11 0.15 
38 - - 1.96 0.14 
41 - - - 0.35 
45 - - - 0.31 
48 - - — 0.26 
52 - - - 0.30 
56 - - - 0.25 
59 - - - 0.27 
62 - - - 0.30 
66 .. — « 0.37 
121 
Table 15. Parts per million phorate equivalent in strawberry foliage. Experiment 8 
Rate actual phorate/100 gallons, 2 
Chloroform Percent Direct 
extract of recovery extrs 
Days after Water extract water extract in chloroform decol 
application oz< g.O oz. 0.5 oz. 2.0 oz. 0=5 oz. 2.0 oz. 0.5 oz 
2 138 301 113 271 81.8 90 
9 790 940 760 - 96.2 -
14 1200 
16 1783 - Hi49 - 81.3 -
20 1175 
26 11*07 - 1653 -
28 2680 
30 1722 4726 1336 2890 77.6 61.2 
33 2089 
36 1788 4033 891 2757 49.8 68 4 
48 1160 3880 
51 1054 
55 632 2709 578 2649 91.5 97.8 
57 1023 
69 592 3000 424 1760 71.6 58.7 
71 560 
78 376 2328 - 1408 - 60.5 
82 372 
91 195 1216 158 800 81.0 65.8 
53 462 
99 138 730 
Hberry foliage. Experiment 8. 
actual phorate/100 gallons, 200 ml/6 inch pot 
Percent 
recovery 
in chloroform 
Direct chloroform 
extract, before 
decolorization 
Direct chlorofoim 
extract, after 
decolorization 
Percent recovery 
after 
decolorization 
0=5 oz. 2,0 oz. 0.5 oz. 2.0 oz. 0.5 oz. 2.0 oz. 0.5 oz. 0.2 oz. 
81.8 90 
96.2 
81.3 
77.6 61.2 
1:9.8 68.1; 
91.5 97.8 
71.6 58.7 
60.5 
81.0 65.8 
1200 
1175 
2680 
2089 6266 
1051* 21*68 
1023 3492 
560 3080 
372 2220 
1*62 1116 
1*23 
1312 
1592 1*100 
2201 51*1*6 
2769 
963 3070 
500 2980 
363 1980 
301* 962 
35.2 
59.1* 
105.1* 86.9 
112.2 
9l*.l 87.9 
89.3 96.8 
97.6 89.2 
65.8 86.2 
Table 16. Mites per two 12 mm square areas per chrysanthemum leaf. Experiment 9» 
Hate actual phorate/100 gallons, 200 ml/6 inch pot 
Days after Transplanted Not transplanted 
application Replicate Untreated 0.5 oz. 2*0 oz. Untreated 0.5 oz. 2.0 oz 
29 I 24 15 16 14 26 14 
II 15 19 24 23 11 2 
III 16 17 13 22 14 18 
Sum 55 51 53 59 51 34 
32 I 16 17 13 20 10 9 
II 12 5 22 23 9 17 
III 14 15 18 8 13 6 
Sum 42 37 53 51 32 32 
35 I 21 28 19 22 9 9 
II 16 8 12 26 8 12 
III 19 27 18 13 7 6 
Sum 56 63 49 61 24 27 
39 I 34 15 20 15 15 10 
II 6 17 29 16 11 3 
III 12 49 14 39 19 6 
Sum 52 81 63 70 45 19 
44 I 4 19 20 12 7 2 
II 25 6 10 12 12 3 
III 28 22 19 12 31 2 
Sum 57 47 49 36 50 7 
49 I 24 11 5 11 19 3 
II 12 20 7 19 13 4 
III 9 44 14 21 11 10 
Sum 45 75 26 51 43 17 
Table 16 (Continued). 
Days after 
application Replicate 
Rate actual phorate/100 gallons, 200 ml/6 inch pot 
Transplanted 
Untreated 0.5 oz. 2.0 oz. 
Not transplanted 
Untreated 0.5 oz. 2.0 oz. 
53 I 
II 
III 
Sum 
9 
14 
11 
34 
21 
24 
34 
79 
2 
5 
12 
19 
8 
4 
8 
20 
18 
4 
10 
32 
6 
3 
7 
16 
H 
ro in 
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Table 1?. Mites per two 12 mm square areas per chrysanthemum leaf 
Experiment 10. 
Days Initial Rate actual phorate/100 gallons, 
after relative 200 ml/6 inch pot 
appli- plant 
cation damage Replicate Untreated 0»5 oz. 2*0 oz. 
A I 10 11 13 
(greatest) II 33 9 7 
III 3 10 12 
IV 20 9 7 
Sub total 66 39 39 
B I 6 14 4 
(inter­ II 19 5 10 
mediate ) III 17 8 4 
IV 5 7 14 
Sub total 47 34 32 
C I 3 3 6 
(least) II 1 10 4 
III 2 3 27 
IV 4 3 2 
Sub total 10 19 39 
Total 123 92 110 
A I 22 10 9 
II 12 21 9 
III 13 3 23 
IV 26 14 19 
Sub total 73 48 60 
B I 15 14 3 
II 20 9 10 
III 7 5 3 
IV 1 7 17 
Sub total 43 35 33 
C I 10 3 11 
II 1 10 0 
III 2 13 13 
IV 3 8 4 
Sub total 16 34 28 
Total 132 117 121 
A I 12 10 5 
II 10 11 16 
III 6 8 17 
IV 23 13 20 
Sub total 51 42 58 
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Table 17 (Continued)* 
Days Initial 
after relative 
appli- plant 
cation damage Replicate 
Rate actual phorate/100 gallons, 
200 ml/6 inch pot 
Untreated 0.5 oz. 2.0 oz. 
B I 19 10 3 
II 14 4 16 
III 16 7 5 
IV 2 3 10 
Sub total 51 24 34 
C I 3 1 5 
II 0 15 4 
III 5 6 24 
IV 1 6 4 
Sub total 9 28 37 
Total 111 94 129 
A I 17 14 4 
II 4 17 6 
III 1 4 6 
IVF 14 11 8 
Sub total 36 46 24 
B I 6 4 5 
II 10 1 7 
III 15 15 2 
IV 3 1 5 
Sub total 34 a 19 
C I 16 3 20 
II 0 5 6 
III 18 8 7 
IV 3 5 0 
Sub total 37 21 33 
Total 107 88 76 
A I 18 9 6 
II 6 21 1 
III 4 4 5 
IV 6 16 9 
Sub total 34 50 21 
B I 10 10 6 
II 5 9 3 
III 6 5 8 
IV 11 3 3 
Sub total 32 27 20 
C I 18 1 6 
II 1 6 10 
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Table 17 (Continued). 
Days Initial Rate actual phorate/100 gallons, 
after relative  ^*1/6 ^  pot 
appli- plant 
cation damage Replicate Untreated 0.5 oz. 2.0 oz. 
III 12 15 2 
IV 6 22 6 
Sub total 37 44 24 
Total 103 121 65 
A I 17 15 10 
II 5 31 9 
III 8 1 6 
IV 4 14 3 
Sub total 34 61 28 
B I 12 5 12 
II 14 9 1 
III 8 10 14 
IV 8 4 1 
Sub total 42 28 28 
C I 10 12 15 
II 4 3 8 
III 8 4 0 
IV 18 7 l 
Sub total 40 26 24 
Total 116 115 80 
A I 17 9 1 
II 4 5 1 
III 12 6 1 
IV 13 13 0 
Sub total 46 33 3 
B I 8 8 0 
II 6 3 0 
III 5 3 7 
IV 5 3 0 
Sub total 24 17 7 
C I 18 3 2 
II 10 13 6 
III 7 2 0 
IV 8 5 0 
Sub total 43 23 8 
Total 113 73 18 
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Table 1? (Continued). 
Days 
after 
appli­
cation 
Initial 
relative 
plant 
Rate actual phorate/100 gallons, 
200 ml/6 inch pot 
damage Replicate Untreated 0.5 oz. ru .
 
o
 
A I 6 1 2 
II 7 4 4 
III 2 4 0 
IV 5 3 2 
Sub total 20 12 8 
B I 7 2 2 
II 20 11 2 
III 3 1 7 
IV 2 3 0 
Sub total 32 17 11 
C I 3 5 0 
II 6 0 12 
III 6 5 0 
IV 3 10 1 
Sub total 18 20 13 
Total 70 49 32 
36 
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Table 18. Analyses of variance. Experiment 10, 
Days after 
application 
Source of 
variance 
Degress of 
freedom 
Sum of 
squares 
Groups (G) 
Replicates (R)/ 
Groups 
Treatments (T) 
G x T 
T x R/G 
Total 
2 
4 
18 
35 
8.284?** 
3.6894 
0.2559 
4.3923 
22.2079 
38.8302 
Groups 
Replicates/G 
Treatments 
G x T 
T x R/G 
Total 
2 
9 
2 
4 
18 
35 
11.7428* 
7.4695 
0.0427 
3.5295 
22.0061 
44.7906 
8 Groups 
Replicates/G 
Treatments 
G x T 
T x R/G 
Total 
2 
9 
2 
4 
18 
35 
8.8460* 
9.1428 
1.0771 
5.2674 
16-6668 
41.0001 
15 Groups 
Replicates/G 
Treatments 
G x T 
T x R/G 
Total 
2 
9 
2 
4 
18 
35 
1.4913 
14.9626 
0.7327 
2.3760 
18.5935 
38.1561 
21 Groups 
Replicates/G 
Treatments 
G x T 
T x R/G 
Total 
2 
9 
2 
4 
18 
35 
0.5238 
4.5819 
3.2865 
0.9827 
20.5312 
29.9061 
* F significant at 0.05 probability. 
** F significant at 0.01 probability. 
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Table 18 (Continued). 
Days after Source of Degrees of Sum of 
application variance freedom squares 
25 Groups 2 1.1621 
Replicates/G 9 12.7252 
Treatments 2 2.9765 
G x T 4 2.4155 
T x R/G 18 19.2248 
Total 35 38.5041 
30 Groups 2 1.6350 
Replicates/G 9 6.3743 
Treatments 2 21.1406** 
G x T 4 1.5240 
T x R/G 18 7.6745 
Total 35 38.3484 
36 Groups 2 0.3433 
Replicates/G 9 6.8761 
Treatments 2 4.1705 
G x T 4 0.4198 
T x R/G 18 14.8541 
Total 35 26.6638 
** F significant at 0.01 probability. 
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Table 19. Analyse s of variance. Experiment 9» 
Days after Source of Degrees of Sum of 
application variance freedom squares 
29 Blocks 2 1.9878 
Treatments 2 2.4381 
Error 4 4.5587 
Total 8 8.9846 
32 Blocks 2 1.4814 
Treatments 2 1.2854 
Error 4 2.2272 
Total 8 4.9940 
35 Blocks 2 1.2545 
Treatments 2 4.7433** 
Error 4 0.4620 
Total 8 6.4598 
39 Blocks 2 2.5802 
Treatments 2 7.4393 
Error 4 2.3623 
Total 8 12.3818 
44 Blocks 2 1.3993 
Treatments 2 8.8801 
Error 4 3.0440 
Total 8 13.3234 
49 Blocks 2 0.4370 
Treatments 2 5.1391 
Error 4 2.0855 
Total 8 7.6616 
53 Blocks 2 2.4374 
Treatments 2 1.0867 
Error 4 0.7845 
Total 8 4.3086 
** F significant at 0.01 probability. 
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Table 20. Mites from one leaf from each of six carnation plants. 
Experiment 11. 
Days 
5lf *b63T Rate actual phorate/100 gallons, 
appli­ 200 ml/6 inch pot 
cation Replicate Row Untreated 0.5 oz. 2.0 oz. 
6 I 1 5 25 10 
2 6 20 4 
3 11 16 10 
Sub total 22 61 24 
II 1 24 19 17 
2 29 16 19 
3 4 8 26 
Sub total 57 43 62 
Total 79 104 86 
14 I 1 14 14 17 
2 28 3 22 
3 35 7 17 
Sub total 77 24 56 
II 1 18 9 21 
2 20 3 14 
3 3 9 20 
Sub total 41 21 55 
Total 118 45 111 
20 I 1 56 29 30 
2 51 27 49 
3 39 33 54 
Sub total 146 89 133 
II 1 58 71 29 
2 37 47 34 
3 23 35 46 
Sub total 118 153 109 
Total 264 242 242 
27 I 1 37 32 37 
2 35 62 70 
3 48 35 52 
Sub total 120 129 159 
II 1 45 25 98 
2 29 33 6o 
3 32 39 61 
Sub total 106 97 219 
Total 226 226 378 
Table 21. Sub-sample of mites from 12 carnation leaves. Experiment 12. 
Rate actual phorate/100 gallons, 200 ml/6 inch pot 
alter • 1 1 
appli- Untreated 4.0 oz. 8.0 oz. 
cation Replicate Top (a) Bottom (to) Top (a) Bottom (b) Top (a) Bottom (b) 
13 
24 
32 
I 82 47 68 108 40 85 
II 30 242 83 143 40 142 
III 49 11 45 48 8 25 
IV 51 59 5 13 3 39 
V 27 53 26 85 50 123 
Sum 239 412 227 397 141 4l4 
Sum (a + b) 651 624 555 
I 126 63 91 74 78 102 
II 81 106 89 53 42 144 
III 90 43 77 31 40 4l 
IV 66 36 8 10 4l 17 
V 29 21 127 45 136 127 
Sum 392 269 392 213 337 431 
Sum (a + b) 661 605 768 
I 109 59 38 64 14 42 
II 38 34 53 56 39 78 
III 29 60 82 40 12 27 
IV 83 32 0 16 13 20 
V 26 74 37 60 54 41 
Sum 285 259 210 236 132 208 
Sum (a + b) 544 446 340 
I 42 20 21 25 9 19 
II 20 33 21 41 18 26 
III 30 43 26 50 14 4o 
Table 21 (Continued). 
after Rate actual phorate/100 gallons, 200 ml/6 inch pot 
appli- Untreated 4.0 oz. 8.0 oz. 
cation Replicate Top (a) Bottom (b) Top (a) Bottom (b) Top (a) Bottom (b) 
32 IV 0 2? 0 7 2 12 
V 9 30 14 41 16 13 
Sum 101 153 82 1.64 59 110 
Sum (a + b) 254 246 169 
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Table 22. Analyses of variance. Experiment 12. 
Days after Source of Degrees of Sum of 
application variance freedom squares 
4 Replicates 4 28918.67 
Treatments (T) 2 490.20 
Error (a) 8 7811.15 
Locations (L) 1 12648.53 
L x T 2 687.27 
Error (b) 12 24889.20 
Total 29 75396.00 
13 Replicates 4 15590.47 
Treatments 2 1371.80 
Error (a) 8 13299.53 
Locations 1 1442.13 
L x T 2 4158.47 
Error (b) 12 9316.40 
Total 29 45178.80 
24 Replicates 4 2660.00 
Treatments 2 2081.87 
Error (a) 8 6218.80 
Locations 1 192.54 
L x T 2 520.26 
Error (b) 12 6469.20 
Total 29 18142.67 
32 Replicates 4 2151.13' 
Treatments 2 440.6 1 
Error (a) 8 391.13 
Locations 1 1140.83' 
L x T 2 62.07 
Error (b) 12 1152.60 
Total 29 5294.30 
* F significant at 0.05 probability. 
** F significant at 0.01 probability. 
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Table 23* Summary of aphid assays of phorate residues. Experiment 13. 
Rate actual phorate/lOQ gall 
Untreated 2«0 oz. f  trans 
Days 
Days aphids 
after exposed Total ^ Dead Total Dead 
appli- to leaf Plant aphids/ aphids/ % aphids/ aphids/ 
cation surface number cage cage kill cage cage 
It 2 1 II* 0 17 it 
16 1 3 XU 6 
6 2 1 15 0 lit 1 
15 1 Ht 9 
2 lit 0 13 8 
11 1 It 16 12 
8 3 1 10 0 15 7 
lit 3 15 8 
2 15 1 15 11 
lit 2 11 13 9 
11 2 1 15 3 Ht 1 
2 15 2 13 3 
3 12 3 15 9 
It 15 0 lit 13 8 
13 3 1 15 2 8 6 
2 15 3 15 it 
3 15 2 16 12 
It lit 0 12 15 9 
16 2 1 15 0 15 3 
2 15 o 15 it 
3 15 o o 15 2 
18 2 i 15 1 15 3 
2 17 o 15 5 
3 15 o 15 it 
it 13 2 5 lit 6 
^Corrected by Abbott's formula (1925)• 
cperiment 13. 
Rate actual phorate/lOQ gallons, 200 ml/6 inch pot 
2.0 oz., transplanted 2.0 oz., not transplanted 
L 
Total 
aphids/ 
cage 
Dead 
aphids/ 
cage % mia 
Total 
aphids/ 
cage 
Dead 
aphids/ 
cage % kill3. 
17 
lit 
it 
6 31 
15 
13 
12 
9 7lt 
lit 
lit 
13 
16 
1 
9 
8 
12 5i 
13 
12 
15 
10 
11 
7 
15 
10 85 
15 
15 
15 
13 
7 
8 
11 
9 55 
15 
15 
16 
16 
15 
15 
16 
16 100 
lit 
13 
15 
13 
1 
3 
9 
8 28 
15 
15 
15 
15 
13 
15 
15 
15 91 
8 
15 
16 
15 
6 
it 
12 
9 51 
15 
15 
15 
3 
it 
2 20 
25 
15 
12 
7 63 
15 
15 
15 
lit 
3 
5 
it 
6 26 
15 
15 
lit 
12 
12 
8 
12 
12 78 
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Table 23 (Continued). 
Rate actual phorate/lOO g 
Days 
Days aphids Untreated 2»Q oz., tra 
after exposed Total Dead Total 
appli- to leaf Plant aphids/ aphids/ % aphids/ a 
cation surface number cage cage kill cage 
22 1 
2 
3 
K 
15 
15 
15 
o 
K 
10 31 
15 
15 
15 
15 
27 1 
2 
3 
H 
15 
15 
15 
15 
l 
3 
6 
3 22 
15 
15 
15 
e actual phorate/lOO gallons, 200 ml/6 inch pot 
2.0 oz., transplanted 2.0 oz., not transplanted 
Total Dead Total Dead 
aphids/ aphids/ aphids/ aphids/ 
# kill* cage cage % killa cage cage 
15 6 15 15 
15 10 15 lit 
15 6 15 Ht 
15 13 39 15 Ht 93 
15 8 8 8 
15 8 15 15 
15 6 15 15 
15 15 51 15 lit 97 
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Table 24» Summary of aphid assays of phorate residues. Experiment lit. 
Rate actual phorate/100 gallons, 200 n 
Transplanted 
Days Untreated 0.5 os. 2.0 02 Untre 
after Total Dead Total Dead Total Dead Total De 
appli­ aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ apt 
cation cage cage % ; kin cage cage % kill3. cage cage % kill3. cage a 
4% 15 1 15 6 15 14 15 
14 1 18 4 15 4 15 
15 1 15 1 15 7 15 
15 0 5 15 8 26 15 8 53 15 
7 15 0 15 6 15 14 15 
15 0 0 16 9 48 15 15 97 15 
9 15 0 15 15 16 15 15 
15 0 16 9 15 13 16 
15 0 16 8 15 15 15 
15 0 0 15 14 74 16 13 90 15 
14 15 3 15 5 9 9 15 
15 3 15 8 15 8 15 
10 2 15 n 15 15 15 
10 1 18 15 2 30 15 15 84 15 
18 15 0 15 0 15 15 Ik 
15 0 15 0 15 12 15 
15 0 15 6 15 12 15 
15 5 8 15 7 15 15 15 89 15 
21 12 i 15 5 15 15 15 
15 5 15 7 15 11 15 
15 2 15 12 15 9 10 
15 2 18 15 11 42 15 12 69 15 
25 15 0 15 3 15 11 15 
15 1 1k 6 15 12 15 
15 0 15 9 16 13 15 
15 0 2 15 7 41 13 11 80 15 
^Corrected by Abbott's foraula (1925). 
^Counted after 2-day exposure. 
; lit-
;ual phorate/100 gallons, 200 ml/6 inch pot 
Not transplanted 
2.0 02 Untreated 0.5 oz. 2.0 oz. 
Dead Total Dead Total Dead Total Dead 
aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ 
cage % Trill3 cage cage % kill cage cage % kill3 cage cage % kill3 
IK 15 0 15 6 15 11 
K 15 1 15 10 13 11 
1 15 3 lit 1 15 12 
8 53 15 7 18 15 6 26 15 12 LK 
LK 15 it 15 35 15 15 
15 97 15 2 22 15 13 91 15 15 100 
15 15 0 15 lit 15 15 
13 16 0 15 lit 15 15 
15 15 0 15 15 15 lit 
13 90 15 0 0 15 13 93 15 35 98 
9 15 0 15 lit 15 15 
8 15 2 15 15 15 15 
15 15 0 15 10 15 15 
15 81t 15 0 3 15 12 85 15 13 97 
15 lit 0 15 lit 15 15 
12 15 1 35 13 15 15 
12 15 0 15 11 15 15 
15 89 15 3 7 lit lit 87 15 15 100 
15 15 0 15 12 15 lit 
11 15 2 15 15 15 15 
9 10 0 15 13 15 15 
12 69 15 1 5 10 9 88 15 15 98 
11 15 0 15 15 15 lit 
12 15 1 15 6 13 13 
13 15 1 15 12 15 15 
11 80 15 5 12 15 lit 75 15 15 98 
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Table 2k (Continued). 
Hate actual phorate/lOO gallons, 
Transplanted 
jjay.g Untreated 0.5 oz. 2.0 oz. 
after Total Dead Total Dead Total Dead Total 
appli- aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ 
cation cage cage % kill cage cage % kill3, cage cage $dlla cage 
28 15 2 15 6 15 11 15 
15 0 15 3 15 7 15 
15 2 15 6 15 10 15 
15 k 13 15 n 3k 12 12 66 19 
k$ 15 0 12 1 15 
15 0 15 0 15 
15 0 10 0 15 
15 0 0 15 2 6 15 
50 15 0 15 0 15 
15 0 15 0 15 
15 0 15 0 15 
15 0 0 - - 0 15 
al phorate/lOO gallons, 200 ml/6 inch pot 
Hot transplanted 
2.0 oz. Untreated 0.5 oz. 2.0 oz. 
Dead Total Dead Total Dead Total Dead 
aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ aphids/ 
cage $killa cage cage % kill cage cage % killa cage cage % killa 
11 15 0 15 13 12 12 
7 15 1 15 12 15 Ht 
10 15 2 15 15 12 12 
12 66 19 3 9 15 lit 89 15 15 98 
15 1 15 11 
15 1 15 15 
15 0 15 lit 
15 0 3 15 15 92 
15 0 15 12 
15 0 15 13 
15 0 15 lit 
15 0 0 15 lit 88 
Table 25• Living melon aphids on chrysanthemum leaves following infestation. 
Experiment 15» 
Assay 
No. 
Repli­
cate 
Number 
aphids 
placed 
on leaf 
Days after 
application Rate actual phorate/100 gal., 200 ml/6 in. pot 
Aphids 
intro­
duced 
Aphids 
counted 
Transplanted Not transplanted 
Untr. 0.5 oz. 2.0 oz. Untr. 0.5 oz. 2.0 oz. 
1 I 10 11 12 10 9 0 8 0 1 
II 10 11 12 8 8 2 8 4 2 
III 10 11 12 9 9 1 10 1 2 
IV 10 11 12 10 7 1 10 2 0 
Sum 37 33 4 36 7 5 
I 10 11 14 7 3 0 9 0 0 
II 10 11 14 8 0 1 3 0 1 
III 10 11 14 9 1 0 8 0 0 
IV 10 11 14 11 0 0 6 0 0 
Sum 35 4 1 26 0 1 
I 10 11 15 10a 1 0 10 0 0 II 10 11 15 l°a 0 0 3 0 0 
III 10 11 15 10 0 0 10 0 0 
IV 10 11 15 10a 0 0 8 0 0 
Sum - 1 0 31 0 0 
2 I 15 25 25 15a 11 2 15a 1 0 II 15 23 25 15a 5 4 15a 1 0 III 15 23 25 15a 13 3 15a 0 0 IV 15 23 25 15 0 1 15 2 0 
Sum - 29 10 - 4 0 
aAphids increased by reproduction. 
Table 25 (Continued). 
Assay 
No. 
Repli­
cate 
Number 
aphids 
placed 
on leaf 
Days 
appl: 
after 
Lcation Rate actual phorate/100 gal., 200 ml/6 in. pot 
Aphids 
intro­
duced 
Aphids 
counted 
Transplanted Not transplanted 
Untr. 0.5 OZ. 2.0 oz. Untr. 0.5 oz. 2 .0 oz. 
I 15 23 26 15 1 0 0 
II 15 23 26 - 4 0 - 1 0 
III 15 23 26 — 12 0 - 0 0 
IV 15 23 26 — 0 0 - 0 0 
Sum 31 1 — 1 0 
I 15 23 28 — 10 0 0 0 
II 15 23 28 - 2 0 — 0 0 
III 15 23 28 - 12 0 — 0 0 
IV 15 23 28 - 0 0 — 0 0 
Sum 24 0 0 0 
I 15 23 30 _ 3 0 • 0 0 
II 15 23 30 - 0 0 - 0 0 
III 15 23 30 - 4 0 - 0 0 
IV 15 23 30 - 0 0 - 0 0 
Sum 7 0 0 0 
I 31 — 2 0 0 0 
II 31 — 0 0 - 0 0 
III 31 - 0 0 — 0 0 
IV 31 - 0 0 - 0 0 
Sum 2 0 0 0 
3 I 15 35 37 — 15 11 _ 2 0 
II 15 35 37 - 15 11 - 3 0 
III 15 35 37 - 15 3 - 0 0 
IV 15 35 37 *• 9 1 •» 0 0 
Sum Many 54 26 Many 5 0 
Table 25 (Continued)« 
Days after 
Number application Bate actual phorate/100 gal., 200 ml/6 in. pot 
aphids Aphids 
Assay Repli- placed intro- Aphids Transplanted Not transplanted 
No. cate on leaf duced counted Untr» 0.5 oz. 2.0 oz. Untr. 0.5 oz. 2.0 oz. 
I 38 15 3 • 0 0 
II 38 - 15 6 - 0 0 
III 38 - 15 0 - 0 0 
IV 38 - 10 0 — 0 0 
Sum Many 55 9 Many 0 0 
I 39 — 15 2 — 0 0 
II 39 - 12 1 - 0 0 
III 39 - 14 0 - 0 0 
IV 39 - 10 0 - 0 0 
Sum Many 51 3 Many 0 0 
I 40 15 0 0 0 
II 40 — 8 0 0 0 
III 40 — 10 0 — 0 0 
IV 40 — 12 0 — 0 0 
Sum Many 45 0 Many 0 0 
I 43 — 15 0 _ 0 0 
II 43 - 4 0 - 0 0 
III 43 - 9 0 — 0 0 
IV 43 - 9 0 - 0 0 
Sum Many 37 0 Many 0 0 
I 45 — 15 0 0 0 
II 45 — 1 0 — 0 0 
III 45 - 6 0 — 0 0 
IV 45 — 5 0 — 0 0 
Sum Many 27 0 Many 0 0 
I-IV 50 Numbers 
increasing 
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Table 26. Preliminary aphid assays of phorate residues in chrysanthemums. Experime: 
Assays 1 to 8, Rate act. phorate/ De 
aphids/cage, 100 gallons, Hours after 
plants/assay 200 ml/6 in. pot aphids exposed 1 2 3 it 
la,b Untreated 7-5 0 0 0 0 
11.5 0 0 0 0 
15.5 0 0 0 0/9 
19.5 0 0 0 0/9 
22.5 0 0 0 0/9 
27 0 0 0 0 
ia,b 8 oz. 7.5 K 5 5 3 
11.5 8 6 5 5 
15.5 9 7 7 7 
19.5 9 9 7 9 
22.5 9 9 9 9 
27 9 10 9 9 
2aib Untreated 7 0 0 1 0 
10 0 0 1 0 
13 0 0 1 0 
16 0 0 1 0 
19 0 0 1 0 
2it 0 0. 1 0 
2a,b Ê C
O
 
7 5 6 3 3 
10 6 8 li 6 
13 7 10 5 8 
16 8 10 8 8 
19 8 10 10 9 
2K 8 10 10 9 
2c,b 8 oz. 7 2 2 it 0 
10 2 3 it 1 
13 2 U it 2 
16 2 K it it 
19 2 K it 5 
2K 3 K it 5 
a 10 Aphids/cage. 
^ 1 Plant/assay. 
0 Number dead/total in cage. 
rams. Experiment 16 » 
Dead aphids per cage 
^ aS e Total Dead 
3 it 5 6 7 8 9 10 aphids aphids % kill 
0 0 0 0 0 
0 0 0 50 0 0 
0 0/9 0 it9 0 0 
0 0/9 0 H9 0 0 
0 0/9 0 it 9 0 0 
0 0 0 50 0 0 
5 3 3 50 20 itO 
5 5 it 50 28 56 
7 7 7 50 37 7it 
7 9 8 50 it2 Bit 
9 9 8 50 itit 88 
9 9 8 50 it5 90 
1 0 0/8° it8 1 2 
1 0 0/8 itô 1 2 
1 0 0/8 it8 1 2 
1 0 0/8 itô 1 2 
1 0 0/9 K9 1 2 
1 0 0 50 1 2 
3 3 5 50 22 itit 
it 6 5 50 29 58 
5 8 7 50 37 7it 
8 8 8 50 it2 8it 
10 9 8 50 it5 90 
10 9 9 5o Ito 92 
it 0 It 2 0 1 2 2 50 19 38 
it 1 it 3 2 2 2 2 50 25 50 
it 2 H 3 2 3 2 3 50 29 58 
it it 5 3 2 H 3 3 50 3it 68 
it 5 5 it 3 HA it it it9 39 80 
K 5 5 H 3 K/K 5 5 it9 it2 86 
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Table 26 (Continued). 
Assays 1 to 8, 
aphids/cage, 
plants/assay 
Rate act. phorate/ 
100 gallons, 
200 ml/6 in. pot 
Hoars after 
aphids exposed 
,d,b 
aa,b 
Untreated 
8 oz. 
8 oz. 
,d,b 
Untreated 
8 oz. 
it 0 0 0 0 
10 0 0 0 0 
19.5 0 0 0 0 
K it 3 2 2 
7 5 5 it 3 
10 7 7 6 6 
13 7 7 7 7 
19.5 9 8 8 7 
it 0 1 2 2 
7 1 3 3 it 
10 2 3 3 5 
13 2 3 it 5 
19.5 it it it 5 
it 0 0 0 0 
11 0 0 0 0/3 
HI 0 0 0 0/3 
1 0 0 0 0 
2 0 0 0 0 
3 0 1 0 0 
it 1 1 1 0 
5 1 1 2 0 
6 1 2 3 0 
7 1 2 3 0 
9 3 2 3 2 
11 3 2 it 2 
13 it 2 it 2 
15 it 2 it 2 
18 K 3 5 3 
25 it it 5 3 
28 it it 5 it 
32 5 it 5 it 
38 5 5 5 it 
it7 5 5 5 5 
5 Aphids/cage. 
Dead aphids per cage 
2 3 it 
C a g 
5 
; e 
6 7 8 9 10 
Total 
aphids 
Dead 
aphids % ki] 
0 0 0 0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 0 0 0 50 0 0 
3 2 2 5 50 16 32 
5 it 3 5 50 22 itit 
7 6 6 6 50 32 6it 
7 7 7 8 50 36 72 
8 8 7 9 5o itl 82 
1 2 2 1 1 1 0 1 1 5o 10 20 
3 3 it 2 2 1 2 2 2 5o 22 itit 
3 3 5 3 it 1 2 3 3 50 29 58 
3 it 5 5 it 2 it 3 it 50 36 72 
it it 5 5 it 3 it it it 50 itl 82 
0 0 0 20 0 0 
0 0 0/3 17 0 0 
0 0 0/3 17 0 0 
0 0 0 0 0 0 0 0 0 50 0 0 
0 0 0 0 I 0 0 0 0 5o 1 2 
1 0 0 0 1 1 0 0 1 50 it 8 
1 1 0 1 1 1 1 1 1 5o 9 18 
1 2 0 2 2 1 2 2 1 50 lit 28 
2 3 0 2 2 2 2 2 3 50 19 38 
2 3 0 2 2 2 3 3 3 5o 21 it2 
2 3 2 3 2 2 2 3 3 5o 25 50 
2 it 2 3 2 3 2 3 it 50 28 56 
2 it 2 3 3 3 3 3 it 50 31 62 
2 it 2 it 3 3 it it it 50 3K 68 
3 5 3 it 3 3 it it it 5o 37 IK 
it 5 3 it it 3 5 it 5 5o itl 82 
it 5 it it it it 5 it 5 50 it3 86 
it 5 it 3 5 it 5 it 5 50 iiit 88 
5 5 it 3 5 5 5 it 5 50 it6 92 
5 5 5 5 5 5 5 it 5 50 it9 98 
1 i\J\ 
Table 26 (Continued). 
Assays 1 to 8, 
aphids/cage, 
plants/assay 
Rate act. phorate/ 
100 gallons, 
200 ml/6 in. pot 
Hoars after 
aphids exposed 
'^
b 8 
(Aphis helichrysi) 
,a,b 
'd.b 
Untreated 
8 02. 
d^,b 12 oz. 
6d»b 
Untreated 
8 oz. 
1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
it 0 0/3 1 1 
5 0 0/3 1 1 
6 0 0/3 1 1 
7 0 0/3 1 1 
U It 0/3 2 3 
15 it 1/3 3 3 
18 it 2/3 3 3 
25 it 2/3 it it 
28 it 3/3 5 it 
32 5 3/3 5 it 
38 5 3/3 5 it 
Itf 5 3/3 5 it 
it.25 0 0 0 0 
6.25 0 0 0 0 
13.25 0 0 0 0 
4.25 0 1 2 1 
5.25 2 1 3 1 
6.25 2 1 it 2 
7.25 3 2 it 2 
8.25 3 3 5 3 
10.25 3 3 5 5 
13.25 it it 5 5 
li.25 2 2 3 1 
5.25 it 2 it 1 
6.25 it 2 it 2 
7.25 it 3 it 2 
8.25 it 3 it 3 
10.25 it it it 3 
13.25 5 it K 3 
5 0 0 0 0 
25 0 0 0 0 
2 0 0/3 1 0 
3 1 0/3 1 0 
5 1 0/3 1 0 
Dead aphids per cage 
C a g e  T o t a l  D e a d  
3 it 5 6 7 8 9 10 aphids aphids % kill 
0 0 0 0 0 0 0 0 50 0 0 Q 0 0 0 0 0 oA 0 it? 0 0 
0 0 0 0 0 lA iA 0 itfl 2 it 
1 1 0 0 0 iA iA 0 it6 it 9 
1 1 0 0 0 iA iA 0 it6 it 9 
1 1 o/it 0 0 iA iA 2 it5 6 13 
1 1 iA 0 0 iA iA 3 it5 8 18 
2 3 iA 1 1 2A 2A 3 it5 19 it2 
3 3 2A 1 1 2A 2A it it5 23 51 
3 3 3A 3 2 3A 2A 
itA 
it it5 29 6K 
it it itA it 3 itA it it5 37 82 
5 K Ut 5 5 itA itA 5 it5 it3 96 
5 it Vit 5 it itA itA 5 it5 it3 96 
5 it itA 5 it Vit itA 5 it5 it3 96 
5 it itA 5 5 itA itA 5 it5 itit 98 
0 0 20 0 0 
0 0 20 0 0 
0 0 20 0 0 
2 1 2 l 2 2 î 0 50 12 2it 
3 1 2 l 5 2 2 2 50 21 it2 
K 2 2 2 5 3 2 2 5o 25 50 
K 2 3 2 5 it 2 2 50 29 58 
5 3 3 2 5 it 3 3 50 3it 68 
5 5 it 3 5 it 3 it 50 39 78 
5 5 5 it 5 it 3 it 50 it3 86 
3 1 2 3 3 2 2 it5 20 itit 
it 1 2 - 3 it it it it5 28 62 
K 2 it - 3 5 it it it5 32 71 
K 2 It - it 5 it it it5 3it 76 
K 3 it - it 5 it 5 it5 36 80 
K 3 it - 4 5 it 5 it5 37 82 
K 3 5 - 5 5 5 5 it5 itl 91 
0 0 20 0 0 
0 0 20 0 0 
1 0 0 0 0 0 0 0 itô 1 2 
1 0 0 0 0 0 0 0 itô 2 it 
1 0 1 1 0 2A 1 l it7 8 17 
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Table 26 (Contimed). 
Assays 1 to 8, 
aphids/cage, 
plants/assay 
Rate act. phorate/ 
100 gallons, 
200 ml/6 in. pot 
Hours after 
is exposed 1 2 3 4 
7 1 0/3 1 0 
9 1 0/3 1 i 
11 iA 1/4 1 i 
14 3A 1/3 1 l 
18 3A 2/3 2 l 
25 4/4 3/3 3 4 
2 0 0 0 0 
3 0 0 0 0 
5 0 0 1 l 
7 0 1 1 2 
9 2 2 1 2 
11 2 2 1 3 
14 2 3 1 3 
18 3 3 2 4 
25 5 5 4 5 
2 0 0 0 0 
4 1/3 1 l 1 
5 1/3 1 l 1 
6 2/3 1 i 1 
7 2/3 1 2 1 
8 2/3 1 3 1 
10 3/3 2 3 1 
2 oA 0 0 0 
4 lA 1 2 3 
5 2A 3 2 3 
6 2A 3 3 3 
7 2A 4 3 3 
8 2A 4 4 4 
10 2A 4 4 5 
2 1 0 l l 
4 2 3 3 3 
5 3 4 3 4 
6 3 5 3 4 
7 3 5 4 4 
8 4 5 4 4 
10 5 5 4 5 
;d,b 
12 02. 
?djb 
8 oz. 
?d,b 
(From culture 
on squash) 
?d,b 12 oz. 
Dead aphids per cage 
C a g e  T o t a l  D e a d  
2 3 K 5 6 7 8 9 10 aphids aphids % kill 
0/3 1 0 2 1 0 2A 2 1 KL 10 21 
0/3 1 1 K 1 2 2A 2 1 KL 15 32 
iA 1 1 K 1 2 2A 2 2 K6 17 37 
1/3 1 1 K 1 2 3A K 2 KÀ 22 W 
2/3 2 1 5 1 3 3A 5 2 K6 27 59 
3/3 3 K S 3 3 K/K 5 K 46 38 83 
0 0 0 0 1 0 2 0 0 50 3 6 
0 0 0 0 1 0 2 0 1 50 K 8 
0 1 l 1 1 1 2A 1 2 K9 10 20 
1 1 2 1 1 1 2A 2 2 K9 13 27 
2 1 2 1 1 1 3A 3 2 K9 18 37 
2 1 3 1 1 1 3A 3 2 K9 19 39 
3 1 3 2 3 2 3A 3 2 K9 2K K9 
3 2 K 2 K 3 3A 5 4 K9 33 67 
5 K 5 4 5 5 K/K 5 5 K9 47 96 
0 0 0 0 25 0 0 
1 1 1 1 23 5 22 
1 1 1 3 23 7 30 
1 1 1 3 23 8 35 
1 2 1 4 23 10 K3 
1 3 1 4 23 11 W 
2 3 1 5 23 1K 61 
0 0 0 0 2K 0 0 
1 2 3 0 2K 7 29 
3 2 3 i 2K 11 KS 
3 3 3 2 2K 13 54 
K 3 3 2 2K HI 58 
K K K 2 2K 16 67 
K K 5 3 2K 18 75 
0 1 l 0 25 3 12 
3 3 3 2 25 13 52 
K 3 4 3 25 17 68 
5 3 4 3 25 18 72 
5 K K 3 25 19 76 
5 K K 3 25 20 80 
5 K 5 K 25 23 92 
J.*tu 
Table 26 (Continued). 
Assays 1 to 8, Rate act. phorate/ 
aphids/cage, 100 gallons, Hours after 
plants/assay 200 ml/6 in. pot aphids exposed 12 3 4 
?d,b 
(Fran culture 
on squash) 
ld,e 8 02. 
8d,e 
(Fran culture 
on squash) 
2 0 l 1 l 
4 2 2 2/4 2 
5 3 2 3A 3 
6 4 3 3A 4 
7 5 3 3À 4 
8 5 3 4A 5 
10 5 4 4/i 5 
1 0 0 0 0 
2 0 0 0 0 
3 0 1 0 0 
4 1 2 l 1 
5.25 2 2 2 3 
6 2 3 3 3 
10.25 3 3 3 5 
1 0 0 0 0 
2 1 1 1 1 
3 2 2 2 1 
4 2 3 2 2 
5.25 3 4 3 3 
6 4 4 3 3 
10.25 5 5 5 4 
i 0 0 0 0 
2 0 l 0 0 
3 2 2 0 0 
4 3 2 1 1 
5.25 3 2 3 3 
6 3 2 4 3 
10.25 4 4 4 4 
l 0 0 0 0 
2 0 i i 0 
3 0 3 1 0 
4 1 3 3 1 
5.25 3 5 4 3 
6 4 5 5 4 
10.25 5 5 5 4 
e 2 Plants/assay. 
Dead aphids per cage 
Ua£e " Total Dead 
2 3 4 5 6 7 8 9 10 aphids aphids $ kill 
1 1 l i 25 4 16 
2 2/4 2 3 24 11 46 
2 3A 3 3 24 14 58 
3 3Â 4 3 24 17 71 
3 3/4 4 3 24 18 75 
3 4A 5 3 24 20 83 
4 4/i 5 3 24 21 88 
0 0 0 0 25 0 0 
0 0 0 l 25 1 4 
1 0 0 l 25 2 8 
2 l 1 1 25 6 24 
2 2 3 1 25 10 40 
3 3 3 i/4 24 12 50 
3 3 5 2/4 24 16 67 
0 0 0 0 25 0 0 
1 1 1 0 25 4 16 
2 2 1 0 25 7 28 
3 2 2 1/4 24 10 41 
4 3 3 iA 24 14 58 
4 3 3 2/4 24 16 67 
5 5 4 4/4 24 23 96 
0 0 0 0 25 0 0 
1 0 0 0 25 1 4 
2 0 0 0 25 4 16 
2 1 1 2 25 9 36 
2 3 3 2 25 13 52 
2 4 3 2 25 nit 56 
4 4 4 2 25 18 72 
0 0 0 0 25 0 0 
i i 0 0 25 2 8 
3 i 0 1 25 5 20 
3 3 1 2 25 10 40 
5 4 3 3 25 18 72 
5 5 4 4 25 22 88 
5 5 4 4 25 23 92 
Table 27. Aphid assays of phorate residues in chrysanthemums. Experiment 16. 
Replicates 
I II III 
Days after Hours after Cage Cage Cage 
application aphids exposed 12 12 12 1 
Untreated plants 
1 12 0 0 0 0 1 0 0 
20 0 1 2 0 1 1 0 
33.5 1 3 2 2 3 3 1 
6 6.25 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 
lit 0 0 0 0 0 0 0 
18.5 0 0 0 0 0 0 0 
22 0 0 0 0 1 0 0 
2B 0 0 0 0 1 0 0 
27 0 0 0 0 1 1 0 
30 0 0 1 0 2 1 0 
33 0 0 1 0 2 1 0 
37 0 0 1 0 2 1 0 
1*2.5 0 1 1 0 2 1 0 
50.5 0 1 1 0 2 1 0 
20 3 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 
2B 1 0 0 0 0 0 0 
3B 1 0 0 0 0 0 0 
B6 1 0 0 0 0 0 0 
2B 19 0 0 0 0 0 0 0 
50.5 1 0 0 0 0 0 0 
28 a.5 0 0 0 0 0 0 
68 0 0 0 0 - 0 0 
ill 26.5 0/6* 0/7 1/9 0/11 0/11 1/6 0/9 
1*6 0/11 1/7 3/10 o/lii L/LB 1/7 o/i; 
dumber dead per total in cage. 
Experiment 16. 
Replicates 
III IV V 
Cage Cage Cage Total Dead 
1 2 1 2 1 2 aphids aphids % ki] 
reated plants 
1 0 0 0 0 0 50 1 2 
1 1 0 0 3 2 50 10 20 
3 3 1 1 3 K 5P 23 1*6 
0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 50 0 0 
1 0 0 0 0 0 50 1 2 
1 0 0 0 0 0 50 1 2 
1 1 0 0 0 0 50 2 K 
2 1 0 0 0 0 50 K 8 
2 1 0 0 0 0 50 K 8 
2 1 0 0 0 0 50 K 8 
2 1 0 0 0 0 50 5 10 
2 1 0 0 0 0 50 5 10 
0 0 0 0 0 0 5o 0 0 
0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 50 0 0 
0 0 0 0 0 0 5o 0 0 
0 0 0 0 0 0 5o 0 0 
0 0 0 0 0 0 5o 1 2 
0 0 0 0 0 0 50 1 2 
0 0 0 0 0 0 50 1 2 
0 0 0 0 0 0 «• 0 -
0 0 0 0 0 1 - 2 -
0 0 0 0 0 -
- 0 0 0 - 0 - 0 
0/11 V6 0/9 0/8 0/6 2/5 78 u 5 
l/lll 1/7 0/12 o/ll ii/io 3/5 101 13 13 
IâK 
Table 27 (Contimed). 
Days after 
application 
Hours after 
aphids exposed 
Cage 
1 2 
II 
"Cage" 
Replicates 
III 
Cage 
1 2 
67.5 0/12 2/8 3/13 3/20 1/16 2/] 
91.5 1/16 3/12 8/Ï6 4/21 3/23 3/] 
48 15 0 0 0 0 1 0 
23 0 0 0 0 1 0 
31 0 0 1 0 1 0 
56 18 0 0 0 0 0 0 
21.5 0 0 0 0 0 0 
30 0 0 0 0 0 0 
33 1 0 0 0 0 0 
59 19 0 0 0 0 0 0 
24.25 0 0 0 0 0 0 
29.75 0 0 0 0 0 0 
34.5 0 0 0 0 0 0 
62 43 0 0 0 0 0 0 
67 0 0 1 0 0 0 
74.5 0 0 1 0 0 0 
66 20.5 0 0 0 0 0 0 
27.5 0 0 0 0 0 0 
35 1 0 1 0 0 0 
Not transplanted, 0.25 oz. actual phorate/ 
1 12 1 1 0 2 1/3 0 
20 1 2 2 3 3/3 1 
33.5 3 4 4 5 3/3 2 
6 6.25 0 0 0 0 0/4 0 
10 0 1 0 0 1/3 0 
16.5 0 1 0 2 1/3 1 
24 2 2 0 2 2/3 2 
^Corrected for mortality in control by Abbott's formula (1925)• 
Replicates 
III IV V 
Cage Cage Cage Total Dead 
2 12 12 12 aphids gphids % kill 
3/20 1/16 2/10 3/11 2/17 5/H 4/7 125 25 20 
t/21 3/23 3/14 4/13 2/20 7/10 7/ll 156 42 27 
0 1 0 0 0 0 0 - 1 
0 1 0 0 0 0 0  -  1  
0 1 0 0 0 0 0 - 2 
0 0 0 0 0 0 0  -  0  
0 0 0 0 0 0 0 - 0 
0 0 0 0 0 0 0 - 0 
0 0 0 0 0 0 0 - 1 
0 0 0 1 0 0 0 - 1 
0 0 0 1 0 0 0  -  1  
0 0 0 1 0 0 0  -  1  
0 0 0 1 0 0 0  -  1  
0 0 0 0 0 0 0 - 0 
0 0 0 1 0 0 0  -  2  
0 0 0 1 0 0 0  -  2  
0 0 0 0 0 0 0 - 0 
0 0 0 0 0 0 0  -  0  
0 0 0  0 .  0 0 0  -  2  
oz. actual phorate/lOO gal., 200 ml/6 inch pot 
2 1/3 0 0 1 0 1 48 7 13b 
3 3/3 1 2 2 2 1 48 19 25b 
5 3/3 2 4 4 4 5 48 38 56b 
3 0/4 0 0 0 0 0 49 0 0 
D l/3 ---- — — — 
2 1/3 1 1 2 0 1 47 9 
2 2/3 2 2/4 3 2 1 47 18 37b 
(1925). 
Table 27 (Continued). 
i /• 
Days after 
application 
Hours after 
II 
Cage Cage 
Replicates 
III 
Cage 
aphids exposed 1 2 1 2 1 2 1 
30 3 2 0 3 3/3 2 l*A 
33 1* 3 2 3 3/3 2 l*A 
37 5 1* 2 1* 3/3 3 LA 
1*2.5 5 U 2 1* 3/3 1* i*A 
19 1 0 1 2 1 0 2 
21* 2 2 0 1 1 1 3 
29.25 2 2 2 2 1 1 1* 
31* 2 2 3 I 1 1 1* 
36.5 3 2 3 3 1 1 1* 
1*6 1* 1* 1* 1* 1 2 1* 
51 1* 1* 1* 5 1 3 1* 
19 0 1 2 0 1 1 0 
23.5 1 3 2 1 2 1 0 
28 1 3 3 i 2 1 1 
36 2 1* 1* 2 1* 2 1 
50.5 5 1* 1* 1* K 1* 2 
1*1*.5 l 1 2 0 3 2 1 
1*9.5 1 1 2 1 3 3 2 
56 3 2 2 2 3 4 3 
68 3 3 1* 1* 3 1* 1* 
71* 1* 1* 1* 1* 3 1* 1* 
27 0 0 0 0 1 1 3 
36 0 0 0 0 1 1 3 
58.5 0 0 2 0 3 1 1* 
72 1 0 2 1 1* 1 1* 
80 1 1 2 1 1* 2 1* 
86 2 2 2 1 1* 2 5 
Transplanted, 0.25 oz. actual phorate/lOO g 
12 3 1 1 0 3 1 1 
20 5 3 2 2 1* 2 3 
33.5 5 5 5 1* 5 1* 1* 
20 
2K 
28 
32: 
Replicates 
III 17 V 
Cage Cage Cage Total Dead 
1 2 1 2 1 2 aphids aphids % kill 
3/3 2 k/k il 3 2 il? 26 5ib 
3/3 2 k/k 5 3 2 il? 31 63b 
3/3 3 LA 5 3 3 il7 36 75b 
3/3 il kA 5 k 3 k7 38 79b 
1 0 2 0 1 0 50 8 16 
1 1 3 0 1 2 50 13 26 
1 1 il 0 1 2 50 17 3K 
1 1 k 0 2 2 5o 19 38 
1 1 k 1 2 2 50 22 w 
1 2 k 1 il 2 50 30 60 
1 3 k k 5 3 50 37 7k 
1 1 0 0 0 1 5o 6 12 
2 1 0 0 0 2 5o 12 2K 
2 1 1 0 1 2A ii 9 15 31 
K 2 1 1 2 2A K9 2K il 9 
k k 2 3 3 3A K 9 36 73 
3 2 1 2 0 1 5o 13 26 
3 3 2 il 1 1 5o 19 38 
3 It 3 il I 2 5o 26 52 
3 ii k il 2 il 5o 35 70 
3 K k K 3 5 50 39 78 
1 1 3 1 2 0 50 8 16 
1 1 3 1 1 0 50 7 lii 
3 1 K 1 il 2 5o 17 3k 
K 1 k 2 5 2 50 22 iiii 
k 2 k il 5 3 5o 27 5U 
k 2 5 il 5 3 5o 30 60 
stual phorate/lOO gal. , 200 ml/6 inch pot 
3 1 l 1 1 0 50 12 22b 
K 2 3 2 3 2 50 28 45b 
5 k ii il 5 K 5o 1*5 8lb 
Table 27 (Contimed). 
Days after 
application 
Hours after 
aphids exposed 
Gage 
1 2 
II 
Gage 
1 2 
Replicate 
III I 
Cage 
1 2 
Ca 
6 18.5 0 1 0 i 1 1 0 
2K 0 2 1 l 2 1 0 
30 i 2 3 2 3 2 2 
33 i 3 3 2 it 3 2 
37 1 3 it 2 it it 2 
ii2.5 i 3 it 2 5 it it 
50.5 2 3 it 3 5 it it 
9it.5 
Not transplanted, 2.0 oz. actual phorate/lOO 
1 12 0 1 0 2 1 3 3 
20 3 3 2 3 2 it H 
33-5 5 it 3 it 5 5 5 
6 6.25 0 1 1 0 3 1 l 
10 1 1 1 0 it 1 i 
lit 2 1 1 2 it 2 i 
18.5 2 2 1 2 it 2 2 
22 3 2 it 2 5 3 3 
2K 3 2 it 2 5 3 3/lt 
27 it 1/3 it it 5 it itA 
30 it 1/3 it 5 5 5 itA 
20 3 0 2 0 l l 0 i 
5 0 2 0 2 2 2 2 
7 0 3 2 2 2 2 2 
9 0 3 2 2 3 it 3 
11 0 it 2 2 3 it 3 
15 0 it 3 3 it it 3 
19 2 5 3 3 5 it it 
2K 3 5 3 5 5 5 5 
(Aphis 
2/5 2/6 helichrysi) KS 2/2 2/lt 2/5 2/6 3/5 
2it 10.5 3 2/3 oA iA 0 0 1 
15 it 2/3 oA iA 0 1 1 
19 K 3/3 i/it 2A 1 3 1 
Replicate 
III IV V 
Cage Cage Cage Total Dead 
12 12 12 aphids aphids % kill 
1  1  0  1  0  0  5 0  5  1 0 ,  
2 10 10 0 50 8 Hr 
3 2 2 2 2 1 50 20 35b 
it 3 2 2 2 2 50 2k k3b 
it it 2 2 it 3 50 29 5kb 
5 k it 2 k 3 50 32 6ob 
5 k it 3 k k 50 36 69b 
35 living 
actual phorate/lOO gal., 200 ml/6 inch pot 
1 3 3 3 1 2 50 16 31b 
2 k k 3 3 3 50 30 50b 
5 5 5 k 5 5 50 k5 8ib 
3 1 1 0 1 0  5 0  8  1 6  
k 1 1 0 2 3 50 lk 28 
k 2 l 1 3 3 50 20 ko 
k 2 2 3 3 k 50 25 50 
5 3 3 k 3 k 50 33 6# 
5 3 3/k k k k k9 3k 68b 
5 k k/k 5 k 5 k7 ko 8kb 
5 5 kA 5 5 5 k7 k3 90b 
1 0 1 0 0 2  5 0  7  l k  
2 2 2 1 1 2 50 lk 28 
2 2 2 1 1 2 50 17 3k 
3 k 3 2 1 2 50 22 kk 
3 k 3 2 2 3 50 25 50 
k k 3 3 3 k 50 31 62 
5 k it 3 k k 50 37 7k 
5 5 5 k k 5 50 kk 88 
2/6 2/6 3/5 2/k 3/5 l/3 k5 21 k7 
0 0 1 1 2 0 k6 10 22 
0  1 1 2  2  1  k 6  l k  3 0  
1 3 1 2 3 2 k6 22 k8 
Table 27 (Continued). 
Replicate 
I n in 
Days after Hours after Cage Cage Cage 
application aphids exposed 1 2 1 2 1 2 1 
23.5 5 3/3 2A itA 2 it 1 
28 5 3/3 3A itA 2 5 5 
28 Hi iA 0 1 1/3 1 2 0 
21 iA 0 1 2/3 1 3 2 
27 iA 1 2 2/3 3 it 3 
31.5 2 3 3/3 it it 3 
35 itA 3 3 3/3 5 5 it 
32 16 0 0 0 1 1 0 1 
23 2 0 2 2 1 1 3 
27 3 2 2 2 1 it 3 
32. H 2 2 3 2 5 3 
36 5 3 3 it 3 5 it 
35 13 l 1 0 2 1 2 1 
21 3 1 0 3 2 it 1 
25 3 2 2 it 3 it 1 
30 it it 3 5 3 it 3 
ill 17.5 0 1/3 2 2 1 0 1 
26.5 2/3 2A 3 2 2A 2 
30 
3^ 3 
2/3 itA 5 2 2/4 2 
38 3/3 itA 5 3 3/it 2 
ilB 15 1 2A l 0 1 0 0 
18.5 1 3A 2 i 2 2 0 
23 2 3A 2A i 5 2 1 
28 it 3A 3A 2 5 it 2 
31 it 3A 3A 3 5 it 3 
56 18 0/3 3 0 0 — 1 0 
21.5 0/3 3 1 1 - 2 0 
30 3/3 it 3 2 - 5 2 
33 3/3 it 3 2 - 5 2 
= 59 19 2 2 iA 2 0 2 1 
2k.25 3A 2 l/it 3 0 3 1 
29.75 kA 2 2A 3 i 3 2 
3k.5 itA 2 2/it 3 l it 2 
Replicate 
III IV V 
Cage Cage Cage Total Dead 
2 12 12 12 aphids aphids % kill 
i*A 2 1* 1 1* 1* 2 1*6 31 6? 
liA 2 5 5 5 5 3 1*6 1*0 87 
1/3 1 2 0 1 0 2 i*7 9 19 
2/3 1 3 2 It l 3 1*7 18 38 
2/3 3 1* 3 3 1 1* 1*7 21* 51 
3/3 1* 1* 3 3 1 1* 1*7 29 62 
3/3 5 5 1* 1* 2 5 1*7 38 81 
1 1 0 1 0 2 2  5 0  7  1 2 *  
2 1 1 3 1* 1* 1* 50 23 1*6 
2 1 1* 3 1* 1* 5 50 30 60 
3 2 5 3 1* 1* 5 50 31* 68 
1* 3 5 1* 1* 1* 5 50 1*0 80 
2 1 2 1 0 0 0  5 0  8  1 6  
3 2 1* 1 0 1 1 50 16 32 
K 3 1* 1 1 2 1 50 23 1*6 
5 3 1* 3 1* 1* 3 50 37 7l* 
2 1 0 1 1 1 0  1 * 8  9  1 9  
3 2 2/1* 2 h 1* 2 a 21* 55 
5 2 2/4 2 i* i* 1* KB 30 68 
5 3 3/i* 2 5 5 5 ill* 38 86 
0 1 0 0 0 2/1* 1 1*8 8 17 
1 2 2 0 0 3/1* 1 1*8 15 31 
1 5 2 1 0 3A 3 1*8 22 1*6 
2 5 1* 2 1 1*A i* 1*7 32 68 
3 5 i* 3 1 i*A 1* 1*7 31* 72 
0 - 1 0 2 2 1 1*3 9 21 
1 - 2 0 2 2 3 1*3 11* 33 
2 - 5 2 1* 2 i* 1*3 29 67 
2 - 5 2 5 3 1* 1*3 31 72 
2 0 2 1 0 1 0  1 * 9  1 1  2 2  
3 0 3 1 1 2 0 1*8 16 33 
132221 1*8 22 1*6 
3 1 1* 2 3 3 2 1*8 26 51* 
Table 27 (Continued). 
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Replicate 
I n in 
Days after Hours after Cage Cage Cage 
application aphids exposed 1 2 1 2 1 2 1 
62 29 1 0 1/2 1 0/3 3 0 
it3 3 0 2/2 1 2/3 5 1 
H9 3 0 2/2 1 2/3 5 2 
67 I 2 2/2 2 3/3 5 3 
7ito it it 2/2 u 3/3 5 3 
66 20.S 3/3 0 iA 2 1 0 1 
23.5 3/3 0 iA 3 1 0 1 
27.5 3/3 3 2A 3 1 2 1 
35 3/3 It 2A 3 it 3 3 
Transplanted, 2,0 oz, actual phorate/lOO gal 
I 12 2 1 3 1 3 3 2 
20 3 5 5 it it 5 it 
33.5 il 5 5 5 it 5 5 
6 18.5 1 l/ii. 1 0 2 2 0 
2it 2 iA 3 1 2 3 2 
27 2 3A 3 2 3 3 3 
30 2 iiA 5 it it it it 
33 3 itA 5 it 5 it it 
20 3li 0 0 2 0 1 1/it 0 
it6 0 0 3 0 1 iA 0 
77.5 0 0 3 0 2 iA 2 
Replicate 
IH IV 7 
Cage Cage Cage Total Dead 
12 12 12 aphids aphids % kill 
0/3 3 0 1 0 1 1*5 8 18 
2 / 3 5 1 2 0 1  1 * 5  1 7  3 8  
2/3 5 2 2 0 1 1*5 18 1*0 
3/3 5 3 5 2 1* 1*5 32 71 
3/3 5 3 5 3 1* 1*5 37 82 
1 0  1 2  0 1  1*7  1 1  2 3  
1 0 1 2 1 2  1 * 7  H *  3 0  
1 2 1 2 2 3 1*7 22 1*7 
1* 3 3 3 1* 1* 1*7 33 70 
tuai phorate/lOO gal., 200 ml/6 inch pot 
3 3 2 1 1 2 50 19 37b 
1* 5 1* 3 1* 5 50 1*2 80% 
1* 5 5 1* 1* 5 50 1*6 85b 
2 2 0 1 1 2  1 * 9  1 1  2 2  
2 3 2 1 3 2 1*9 20 l*0b 
3 3 3 2 3 3 1*9 27 53b 
1* 1* J* 3 1* 3 1*9 37 7l*b 
5 1* i* 1* 5 3 1*9 1*1 83b 
1 1/1* 0 0 0 0 1*9 1* 8 
1 1/1* 0 0 0 0 1*9 5 10 
2 iA 2 2 0 1 1*9 11 22 
Table 28. Hours required for 50 percent kill of melon aphids. 
Experiment 16. 
Rate actual phorate/100 gallons, 200 ml/6 inch pot 
Days after Transplanted Not transplanted 
application 0.25 oz. 2.0 oz. 0.25 oz. 2.0 oz. 
1 20.0 * 30.0 18.5 
6 - 25.0 28.3 16.0 
20 - - 57.5 10.5 
24 - - 56.0 19.0 
28 - - 51.0 24.5 
52 - - 76.0 24.0 
55 - - - 25.0 
41 - - - 24.7 
48 - - - 25.2 
56 - - - 24.4 
59 - - - 52.0 
62 - - - 50.6 
66 <w - « 28.5 
Table 29. Analysis of correlation between aphid kill and concen­
tration of phorate residues. Experiment 16. 
Rate actual phorate/100 gallons, 200 ml/6 inch pot 
2.0 oz. 0
 
H
 
oz. 
Grams tissue Hours for Grams tissue Hours for 
fur 50 percent 50 percent for 50 percent 50 percent 
inhibition aphid kill inhibition aphid kill 
0.17 10.5 0.82 37.5 
0.21 19.0 0.72 36.0 
0.15 24.5 1.21 51.0 
0.16 24.0 1.45 76.0 
0.15 25.0 
0.55 24.7 
0.26 25.2 
0.25 24.4 
r = 0.229 r = 0.955 **  
** Significant at 0.01 probability. 
Figure 19. Sample data form of an electrometrio 
analysis with calculations for method A. 
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CTSECTICHAL RESIDUE DETERMINATIONS BY ENZYMATIC INHIBITION 
1» Experiment : Eyperimc.tvfr 3Sampling, 2.0 dgus aft Qppl.cn4-ior\ ; Resedrch^ iotebook reference ; 
cr 
2, Sample information: 
f pl.—ali^ asi—eL 
50 q. strawberry leaves t 2.00 m\.wctberj 
nt «x+roct pp.it 5*0 mi UolumeAr.c f \csk_. 
3. Preparation of standard: 
"Teck pkoreU*4«a=_(^ 5v/^ L^ gn# 
(tare) = p. i49<T 
pKoraAe» o. <V00O go. 
5. Remarks: Flasks l-£ = Standard curve ^ Flask. L>s +rta.+-
2/ j FU«.W. 1 = plasmd COn-Vrol. 
4. Incubation: 
a. Time, IN9 SO; OUT U-'TO: TEMP.3TS_°C. 
b. Time, IN//./f: ODT/AZf; Temp.3T£PC. 
o. Time, IN//.'3<g: OUT Ada: Temp.37.£°C. 
Vol. 
Flask 
Insec 
Added 
ticide 
Calc. or 
Det. 
Micro= 
beaker 
pHl 
_°c. 
pH2 
_°c. £pH 
Av. 
PH 
$ 
Inhibition 
/ 
(pgm.) (ppm) / 7fV 4,34 t.sâ 
z t. s-/ /a 
Z /ÙÛ -î 7.?<9 6.% I.ZO V *70 /. /& / / /  2-2.. V 
J 3Z0 JT 7!^  
aff 
£ 7. ff T.ÔZ. <7,7/ an V2./ 
V 
7 7.r? RZZ. 0.47 
/ 7.f<? 7. 22. FF.I? 5^". 9 
S WO ? 
1.91 7.3? 
/o 7-9 z 7# a/ry 0.51 w.sr 
ù> S I C  H 7/f 7 2.V 0.4T /2, 7/9 n.zx (?,i7 O.Uk 
7 
T-3 7.i? (R-W A 4/ 
IF 7. ff O.Zl '.LOT Z4Z 
6» Calculations : 
"fa 
I I.5Z-L./G__ 6£Ï£.= 
Z.52. Z.52/ 
<7.2.2.V y 100» ZZ.y 
/.53É, " A52. 
- tiVZ/x = VZ.I 
A 152.-M Q.SSJ 
A 52. ~ AJ-2," 
- 0,S£9 y LOO-SG# 
L.ZZ /.SSL 
- O.U{& X /^ 5 - e^ -5^  
= 0.5 LL X 100- SU L> 
SIO&^X 
SO 
- - 570 
d-a 
5C-2/56-PAD Experimenter(s) : M. 
Figure 20. Sample standard curve used as basis for 
estimating micrograms of phorate equiva­
lent for an unknown sample. 
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TO, 
COMPUTED 
VALUE' 60-
2 50-
uj 40-
30-1 
ESTIMATED 
VALUE 
320 160 480 640 
LOG MICROGRAMS PHORATE PER 
50ML VOLUMETRIC FLASK 
